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XIV. Continuation of the Experiments and Observations on tWe 
Specific Gravities and Attractive Powers of various Saline 
Subjlances, By Richard Kirwan, Efq. F. R. S. 



Read April u, 178*. 

BEFORE I enter into a detail of the new experiments I 
have made in the profecution of this fubject, I muft beg 
leave to rectify fome miftakes I have fallen into in my laft 

paper. 

1 . In computing the quantity of acid taken up by 10,5 gr. of 
mild vegetable fixed alkali, I made no allowance for the finall 
quantity of earth it contains, viz. 0,7035 of a grain ; but in 
large quantities of alkali, this proportion is Considerable, and 
occafioned a fmall but feniible error in my fubfequent calcula- 
tions of the proportion of ingredients in neutral falts, the 
quantity of alkali being, by that fra&ion, lefs than I fuppofed 
it in 10,5 gr. This correction being made, it will be found, 
that 100 gr. of perfe&ly dry vegetable fixed alkali (abftradled 
from the quantity of earth) generally contain 22,457 gr. or 
fixed air inftead of 21, as I before determined ; yet the former 
determination is right, where the earth is not feparated, yet 
may well be fuppofed to exift, as in the alkali of pearl-afti, 
purified by three repeated calcinations and folutions. Hence 
alfo 100 gr. of fuch alkali, free from earth, water, and fixed air, 
take up 46,77 gr. of the mineral acids, that is, of the mere 
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acid part; and 100 gr. of common, mild vegetable alkali' take- 
up about 36,23 of real acid. 

100 gr. of perfectly dry tartar vitriolate contain 30J21 of real 
acid, 64,61 of fixed alkali, and 5,18 of water. Cryftallized 
tartar vitriolate lofes only 1 per cent, of water in a heat in 
which its acid alfo is notfeparated in.any degree, and therefore 
contains 6,-18 of water. 

100 gr. of nitre, . perfectly dried^ contain 30,86 of acid, 
66 of alkali, and 3,14 of water; but in cryftallized nitre the 
proportion of water is fomewhat greater ;.. for 100.gr. of. thefe 
qryftals, being expofed to a heat o£' 180? for two hours* loft 
3- gr. of their weighty without exhaling any acid fmell ; but 
when expofed to a heat of 200% the fmell of the nitrous acid. 
is diftin&ly perceived. Hence 100 gr. of cryftallized nitre con* 
tain 29,89 of mere acid, 63,97. of alkali^ and 6^14 of water. 

1 00 gr* of digeftiva fait perfecUy dry contain 29,68 of marine 
acid, 63,47 of a|kali, and 6,85 of water. 100 gr. of cryftal- 
iized digeftive fglt lofe but 1 gr. of their weight before the 
fmell of the marine, acjd is perceived j and hence they contain 
7,85 gr. of water. 

But the miflake which cofl: >me mofl time and pains to cor* 
redVwas that which I fell into when I imagined, that the mix- 
tures of oil of vitriol and water, and fpirit of nitre and water, 
had attained their maximum of denfity when they had cooled 
to the temperature of the atmofphere, which at the time I 
made my experiments flood between 50 and 6o° of Fahren- 
heit. The former I had even fuffered to ftand fix hours, 
which was much longer than was neeeflary for its cooling; but 
when the acid was fo much diluted as to caufe little or no heat,, 
I allowed it to fraud but for a very little time before I examined 
its denfity : yet feveral months after I found many of thefe 

mixtures 



mixtures. -much -deafer, thau when I firft examined them, and 
that 4t leaft twelve hours reft was requifite before concentrated 
oil of ~VTtriol,,rto which even twice its weight of water is 
added, attains! its utmolt denfity, and ftill 'mor&.when a lejffer 
proportion of water is ufed : thus, when I made the mixture 
of 2519,75 gr. of oil of vitriol, whofe specific gravity was 
1,8.19, wi J ^ 18.0. Of Water, 1 found its denfity fix hours after 
1,771 ;. s hut after twenty-four hours it was 1,798 : and hence, 
according' to the reafohing in the former pajjer, the accrued den- 
fity was at lea'ft ; ,©64 inAead of (,045- assl had formerly found 
it. But by tifing; oil of vitriol ftill more concentrated, whofe 
specific gravity was 1,8846', I was enabled,, by a fimilar train 
of reaforiin^, to rhaice a) ftill nearer approximation* and found 
that the accrued denfity of oil of vitriol, whofe fpecinc gra- 
vity is 1,819 » amounts- to 0,104; and confequently its mathe- 
matical fpecifxe gravity is. 1,715. 6,5 gr. of this oil of vitriol 
contained, as I before found, 3455- of mere acid, and the re- 
mainder wateti,- then the weight of an equal bulk of water is 
3,79 gr.f. andt fuBtracring from this the weight of the water 
that enters into the cpmpofition of the oil of vitriol* it will be 
found, that the weight of a bulk of water, equal to the acid 
part^. is 0,84*. and confequently the fpecific gravity of the 
pure and meife acid parr is 4,22-6. Upon this ground, and 
eonftantly allowing the mixtures to reft at leaft twelve hours 
(until the oil of vitriol was diluted with four times its weight 
of water, and then often only fix hours) before their denfity 
was examined,, I conftru&ed the table hereto annexed ; the tem*~ 
perature of the- room I eonftantly kept between 50 and 60 .. 



Oil 



[ 8 2 Continuation of tht Experiments and Obfermtioris 



Oil of 


Acid. 


Water. 


■ Accrued 


Mathemat. 




vitriol. 






denfity. 


fp. gravity. 




Grains. 












IOOO 


■ «. - . 


3 8 7,95 


,07 


1,877 


1,846 


I IOO 


_ - • 


4 8 7>95 


,104 


1,738 


1,844 


1200 


- - 


5 8 7,95 


.105 


!, 6 37 


1,742 


I300 


- - 


687,95 


,144 


i,5 6jt 


i,705 


1400 


- — 


7S7,95 


»H4 


1,500 


1,644 


1500 


— - 


887,95 


>*37 


i,452 


1.589 


1660 


— - . 


987,95 


,137 


1,412 


i,539 


1700 


- - 


1087,95 


,13° 


1,379 


i s 509 


1800 


- - 


1187,95 


,124 


i>35° 


1,474 


! I9OO 


- -> 


1287,95 


,116 


i,3 26 


1,442 


2000 


- - 


i3 8 7>95 


,116 


1,304 


1,420 


2IOO 


- - 


i4 8 7,95 


,i'J 


1,286 


i,398 


; 2200 


— — 


*5 8 7>95 


,112 


1,269 


1,381 


2300 


- - _ 


1687,95 


,108 


. 1,254 


1,362 


! 24OO ' 


- - - 


i7 8 7,95 


,104 


1,241 


1,3+5 


2500 i 


1 _ 


1887,95 


,104 


1,229 


i,333 


26oO 


_ - 


1987,95 


,101 


1,219 


1,320 


2700 


_ - 


2087,95 


,096 


1,209 


1,307 


28oO 


_ _ 


2187,95 


,091 


1,200 


1*291 


2900 


_ _ 


2287.95 


,090 


1,192 


1,282 


3000 


_ - 


2387,95 


,090 


1,184 


1,274 


3^0 


612,05 


2487,95 


,090 


i,i77 


1,267 


3200 


— — 


2587,95 


,090 


1,170. 


1,260 


33°° 


— — 


2687,95 


,089 


1,164 


i,253 


3400 


_ _ 


2787,9 s 


,084 


i,i59 


1,243 


35oo 


— — 


2887,95 


,083 


1,15° 


1,233 


3600 


- - 


298795 


>°73 


i,i49 


1,222 


3700 


- - 


3087,95 


,o73 


i,i44 


1,217 


3800 


_ _ 


3i 8 7'95 


,071 


i,i4P 


1,211 


3900 


- - 


3287,95 


,071 


1,13° 


1,208 


4000 •■ 


— — 


33 8 7>95 


,071 


i,i3 2 


1,204 


4100 


— . - 


3487,95 


,070 


2,128 


1,198 


4200 


_ _ 


35 8 7,95 


,070 


1. 125 


1-195 


4300 


_ — 


3687,95 


,070 


1,121 


1,191 


4400 


_ _ 


3787,95 


,070 


I,Il8 


1,188 


4500 


- - 


3887,95 


,070 


1,115 


1,185 


4600 


_ _ 


3987 95 


,070 


i»"3 


1,183 


4700 


- - 


4087,95 


,070 


1,110 


1,180 


4800 


_ - 


4' 8 7,95 


,070 


1,107 


i,i77 


4900 


*■* — 


4287,95 


,070 


1,105 


!,i75 


5°°o 


- - 


43 8 7,95 


,070 


1,103 


1,172 


! 5100 


- - 


4487,95 


,069 


1,100 


1,169 



Oil 
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Oil of 


Acid. 


Water. 


Accrued 


Mathemat. 




vitriol. 






denfity 


fp. gravity. 




Grains. 












5200 


~ <-*> 


4587,95 


,069 


1 s 098 


1,167 


5300 


■f - 


4687,95 


,069 


1,096 


1,165 


5400 


- - 


4787,95 


,069 


1,094 


1,163 


550° 


- — ' 


4887,95 


,068 


1,092 


1,160 


5600 


• - - 


4987,9-5 


,067 


1,091 


1,158 


5700 


■*» *■» 


5087,95 


,067 


1,089 


1,156 


5800 


' _ _' 


5i87,95 


,067 


1,087 


1,154 


59°° 


— — 


5287,95 


,065 


1,086 


1,151 


6000 


_ - . 


5387,95 


,064 


1,084 


1,148 


610O 


612,05 


5487,95 


,064 


1,082 


1,146 


6200 


-. - 


! 55587,95 


,063- 


1,081 


*»H4 


6300 


-. - 


' 5 6 87,95 


,062 


: 1,080 


i', 1 42 


640O 


-: -■ 


' 5787,95 


,062 


1,078 


I-, 140. 


6500 


^ — 


5887,95 


,061 


*>°77 


1,138; 


6600 


: — - 


598,7,95 


,060 


1,076 


t,i 3 6 


6700 


; - _ 


6087,95 


,060 


1,074 


i,i34 


6800 


i - - 


6l87,9« 


,06a 


- 1,072 


*V*3 2 


6900 


- - 


6287,95 


,o6q 


: 1,070 


1,130 


700O 


- _ 


6387,95 


>°59 


1,069 


1,128 



With regard to the nitrous acid, I found, al'fo I had been a 
little too precipitate as to the time of examining its denfity 
after it had been mixed with water. Hence, making ufe of; 
fome whofe fpecific gravity was 1,474, I allowed the mixtures 
to reft twelve hours, until it was diluted with twice its weight: 
of water, and the fubfequent mixtures, fix hours at leaft ; by 
the former procefs of reafoning, I found the fpecific gravity 
of the mere nitrous acid to be 5,530* 



Spirit 
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Spirit or 


Acid. 


Water. 


Accrued 


_ Mathemat.. 


_ Physical 


nitre. 






>:deniity.; 


fp. gravity* 


fp| gravity. 


900 




507 




i»S57 


■hSS7: 


IQQO 


- - 


6o|* 


-1- »*» 


J.4J74 • 


4A?'4 


riiOO 


- — 


70? 


mi 


Mi 3 


1,448 


1 1,^00 


- - 


807 


>psb 


*>3| 6 7 


1.423 


: I3PO 


— — 


m 


■ >p% 


1 >3i 2 9 


*,394 


1400 


— — 


1007 


: »P65 


1,2198 


^363 


HP° 


— — 


no? 


. ,PW- 


I 3 2<73 


i>35° 


1600 


- - 


1207 


,p8;2 


l>%S l 


b333 


i7:P° 


— — 


1307 


M* 


: 1,2.33 


*>3*S 


1800 


—. — 


1407 


f% 


I,2|I7 


1,300 


19:00 


- — 


1507 


,m 


I,2P4 


1,287 


2000 


— r? 


160^ 


>P9& 


1,1191 


1,269 


2 100 


— — 


.170,7; 


,p8?8 


i,ij8i 


1,254 


22.00 


- — 


J 807. 


>5>7ft 


a, 1176 


»>247 


23P° 


- -; 


1907 


,PW 


1,162 


1,230 


24pO 


- — • 


2007 


,p6£ 


1,1.54 • 


1,"22* 


?SP° 


-. — 


2107.; 


>P% 


'■ M47 " 


1,214 


2600 


- — ; ' 


2207 


>p6& 


MS-i 


l,2o6 


27PO 


— — ■ 


2307, 


&& 


^^35 


1>I# 


2800 


- — 


2407 


,061, 


1,129 


I,I60 ; 


2900 


— -' 


2507 


,058 


1,134 


i,i8i 


3000 


_ _, 


2607 


■,?55.. 


f,i2q 


i >m 


3100 


393 


2707 


>P5 t 4 


1,116 


1,170 


3:200 




2.80,7, 


1 ,054' 


i£ii4? 


M6£ 


339° 


- — 


29P7 


>953 


MP 8 


ififyi 


3400 


■*- - 


3007 


,052 


1,104 


tyJS^ 


35m 


— — 


3 W- 


,050 


i,ipr. 


: :i y i.5«. 


3600 


— — 


J2°7 


,048 


1,098 


1,146 


3700 


- - 


33°7 


>°47 


13095 


I,iI42 


380Q 


— — 


3-4°7 


rP4S 


1,09,2 or 3, 


t>i.37 


3900 


~. —■ 


35P7 


5 C43 


1,089 


I>T32 


4000 


- — 


3607 


,040 


1,087 


1,127 


4100 


— — 


J7°7 


*°37i 


1,085 


I,I22i 


4200 


- - 


3 8 °7 


»035 


1,083 


I,Il8 


4300 


— — 


39°.7 


>°34 


1,080 


1,114 


4400 


- - 


4007 


5 P32 


1*078 


I,IIO 


4500 


- - 


4*iP7 


9 029 


1,077 


I,I06 


4600 


- — 


4207 


i°2£ 


h°1S 


1,102 


4700 


- - 


4307 


,025 


i 3 °73 


1,098 


4800 


- - 


44°7 


,022 


1,072 


1,094 


4900 


— — 


45°7 


,020 


1,070 


IjOgo 


5000 


- - t 


4607 


,018 


1,068 


1,086 


5100 


— — . 


4707 


,015 


1,067 


1,082 


5200 


- - 


4807 


,OI2 


1,066 


1,078 
1,074 j 


S3°° 


- - 


4907 


,008 


1,066 



at 1 



on the fpecific Gravities, &c. if Saline Suhftances. 185 

The foregoing experiments were made at the temperature of 
between 50 and 6o° of Fahrenheit ; but as it may be fuf- 
pe&ed, that the denfity of the above acids is confiderably 
altered at degrees of temperature confiderably different, I en- 
deavoured to find the quantity of this alteration, and to calcu- 
late what this denfity would be at 55 , that the quantities of 
acid and water may thereby be inveftigated. 

To this end I took fome dephlogifticated fpirit of nitre, and 
examined its fpecific gravity at different degrees of heat, and 
found it as follows : 

Deg. Sp. gravity. 

30 - 1,4653 

46 - i,45 8 7 

86 - 1,4302 

120 - 1*4123 

Therefore, the total expanfion of this fpirit of nitre from 
30 to 120 , that is, by 90 of heat, was 0,0527 ; for 
1,4650 - 1,4123 = ,0527, by which we fee that the dilatations 
are nearly proportional to the degrees of heat : for beginning 
with the firft. dilatation from 30 to 46 , that is, by 1 6° of heat 
-H-90 . 0,0527 :: 16 . 0,0093 ; but in reality thefe i6° of heat 
afforded a dilatarion equal only to 0,0063 » ^ or r 54^5° ~ x »45^7 
320,0063; fo that the difference betwixt the calculated and 
obferved dilatations is only T -s-yW> a difference of no confe- 
rence in the prefent cafe, and that might arife from the im- 
merfion of the cold glafs ball rilled with mercury in the liquor, 
it being the folid I ufe to try the fpecific gravity of liquids. In 
the next cafe the difference is ftill lefs; for tt 90 . 0,0527 :: 
56 .0,0327; but 56 of heat produced in reality a dilatation 
of 0,0348 for 1,4650 - 1,4302 = 0,0348, fo that the calculation 
is deficient only in T ^%^. 

Vol. LXXIf. B b I after- 
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I afterwards tried another, and Forriewhat ftroiiger, fpirit ©£ : 
nitre,, whofe Specific gravity was. 



at 



Degi. 


Sp; gravity, 


34 

49 
150 


1,4750 



Here alfo the expanfibns are nearly proportional' to the degrees 
of heat;, for ii,b° of heat (the difference between 34 and 150) 
produce an expanfion of 0,0958 ;, and 15° of heat (the dif- 
ference between 34 and 49)' produce an. expanfion of 0,0097, 
and by calculation* 0^0123^ which, lafl differs from the truth 
only by T ^rW 

By this experiment we fee, that the Wronger the fpirit of 
nitre is, the more it is expanded by the fame degree of heat :: 
for if the fpirit of nitre of the laft experiment Were expanded 
in the fame proportion as in*the firfl, its dilatation- by 11 6° of 
heat mould -be 0,0679, whereas it was found to-be 0,0958s 

As the dilatation of fpirit of nitre is far greater than that of 
water by the fame degree of heat* and as it confiffe only of 
acid and water, it clearly follows, that itsfuperior dilatability 
fflftft be owing to the add part -y and hence, the more acid Is 
contained in a given quantity of- fpirit of nitre, the greater is 
its dilatability. We might therefore fuppofe,, that the dilata- 
tion of 'fpirit of nitre was intermediate betwixt that of the 
quantity of water it contains and that of its quantity of acid ; 
but there exifls another power aifo which prevents this (imple 
refult, namely, the mutual attraction of the acid and water to 
each other, which makes them occupy a lefs fpace than the. 
fum of their joint volumes, which condenfation 1 have there- 
fore called their accrued denfity. Taking this into the account,, 

5 we 



on the fpecific Gravities, &c. of Saline Subjlances. % 8^ 
we may confider the dilatation of fpirit of nitre as equal to thofe 
of the quantities of water and acid it contains minus the condenfa- 
tion they acquire from their mutual attraSHon^, and this rule holds 
as to all other heterogeneous compounds. 

To find the qualities of acid and water in fpirit of nitre, 
whofe fpecific gravity was found in degrees of temperature dif- 
ferent from thofe for which the table was conftrucled, viz. "54, 
55, or 56° of Fahrenheit, the fureft method is to find how 
much that fpirit of nitre is expanded or eondenfed by a greater or 
lefler degree of heat, and then, by the rule of proportion, find 
what its denfity would be at 55 ; but if this cannot be done, 
we fhall approach pretty near the truth, if we allow -r-Erl-er f° r 
every 15 of heat above or below 55 of Fahrenheit, when 
the fpecific gravity of fpirit is between 1,400 and 1,500; and 
-^Vw when the fpecific gravity is between 1,400 and 1,300. 

As to oil and fpirit of vitriol I found the dilatations 
exceeding irregular, probably by reafbn of a white foreign 
matter, which is more or lefs fufpended or diflblved in it, 
according to its greater or leffer dilution. This matter I would 
not feparate, as I intended trying the denfity of this fubftance 
in the ftate in which it is commonly ufed. In general I found, 
that 1 5 of heat caufe a difference of about -r^-Vo- m its Specific 
gravity when it exceeds 1,800 ; and of -r-aVg- when its fpecific 
gravity is between 1 , 400 and 1 ,300, its dilatation is greater than 
that of water, and fo much greater as it is ftronger. 

The dilatations of fpirit of fait are very nearly proportional 
to the degrees of heat, as appears by the following table. 



B b % at 
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Deg. Sp. gravity.. 

33 m i>i9' 6 ' 
54 - i, i860 

66 - 1,1820 

1. 1 28 - 1 ,1631 



at 



Hence T ~-g- T fhould be added or fubtra&ed for every 21 
above or below $$° in order to reduce it to 55°, the degree for 
which its proportion of acid and water was calculated. The 
dilatability of this acid is much greater than that of water, 
and even than that of the nitrous acid of the fame denfity. 

I now proceed to examine the quantity of pure acids taken 
up at the point of fatu ration by the various fubitances they 
Unite with. 



OF THE MINERAL. ALKALI. 

That which I made ufe of was procured from Mr. turnek - , 
who by a peculiar and ingenious proeefs extracts it in the 
greateft purity form common fait. 

Of this alkali I rendered a portion tolerably ca-uftic in the 
ufual manner, and evaporating 1 oz. of the cauftic folution 
to perfect drynefs, I found it to contain 20,2$ gr. of folic! 
matter. 1 was affured, that the watery part alone exhaled 
during the evaporation, as the quantity of fixed air contained 
in it was very fmall, and to diffipate this a much greater heat 
would be requifite than that which I ufed. This dry alkali I 
immediately diffolved in twice its weight of water, and fatu- 
rating it with dilute vitriolic acid, found it to contain 2,25 
■gr. of fixed air, that being the weight which the faturated fo- 
lution 
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lutlon wanted of being equal to the joint weights of the water, 
alkali, and fpirit of vitriol employed. 

The quantity of mere vitriolic acid neceffary to faturate 
loo gr. of pure mineral alkali I found to he 60 or 61 gr. the 
faturated folution, thus formed,, being evaporated to perfect 
drynefs weighed 36,5^* ;;; Du t °f tn ^ s weight only 28,38 were 
alkali* and acid, therefore the remainder, that is, 8,i2:gr..were 
water. Hence, 100 gr. of Glauber's fait,, perfectly dried, 
contain 29*12* of. mere vitriolic acid, 48,6 of mere alkali, 
and 22,28 of water ; but Glauber's fait cryftallized contains 
a much larger proportion of water; for ioo.gr. of thefe cry- 
ftals being heated red-hot loft 55 gn. of their) weight. This 
Ibfs I fuppofe toarife merely from the evaporation, of the. wa- 
tery partj and the remaining 45 contained alkali,, water,, and 
acid, in the fame proportion as the iao gr. of Glauber's fait, 
perfectly dried, abovementioned ; then thefe 45 contained ,13,19 
gr. of vitriolic acid, 2-1,87 of fixed alkali, and. 9, 94 of water; 
confequently 100 gr. of cryftallized Glauber's; fait contain 
1,3*19 of vitriolic acid, 21,87 of alkali,. and .64*94 of water. 

I alfo faturated this alkali with the dephlogifticated nitrous 
acid, and found that 100 gr. of the alkali took up 57 of the 
mere nitrous acid in the experiment I moft depended on ; but 
this quantity, varied in. fome experiments a. few grains, . being 
fometimes*6o, and fometimes 63 gr, ; fo that 1 conclude the 
proportion of this acid, taken up by the alkali, is nearly the 
fame as that of the vitriolic acid. Suppoiing this quantity, to 
be 57 gr. then 100. gr. Cubic nitre, perfectly dry, containjo 
of acid, 52,1 8 of alkali, and 1 7,82 of water ; but Cubic nitre 
cryftallized contains fomething more water; for 100 gr. of 
thefe cryftals lofe about 4 by gentle drying; therefore 100 gr. 

of 
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of the cryftallized fait contain. 28,8 of .acid, 50,09 of alkali* 
and 21,11 of water. 

Of mere marine acid, :joo gr. of this alkali required from 63 
to 66 or 07 gr..; perhaps one reafon of this variety is, that it is 
exceeding hard to hit the true point of faturation. Allowing it 
to be 06 gr. then 100 gr,. of perfectly dry common fait contain 
nearly 5,5 of real acid, 53 pf alkali, and 13 of water; but 
100 gr. of the < cry ftallized fait loie 5 by evaporation ; then 100 
gr. of thefe eryftals contain 33,3 of acid, 5.0 of alkali, and 
16,7 of water. 

'The proportion of feed air, alkali, and water, in cryftal- 
lized mineral alkali, *1 inveftigated thus : 200 gr, of thefe ery- 
ftals were diflbived in 240 of water ; the folutipn was faturated 
by fuch a quantity of fpirit of nitre 'as contained 40 pf mere 
nitrous acid,; hence I inferred, that thefe 200 gr. of alkali 
contained 70 of real alkali. The faturate fplution weighed 
40 gr. lefs than the fum of its original weight, and that of the 
fpirit of nitre added to it; therefore it loft 40 gr. of fixed air. 
The remainder, therefore, of the original weight of the ery- 
ftals rouft have been water, that is, 90 gr..;; cpnfequently 100 
gr. of thefe -eryftals contained 35 ^f alkali, 20 .of fixed air, 
and 45 of water. 

This proportion as, particularly with regard to the alkali, 
very different from that found by Mr. bergman and Lavoi- 
sier, which I impute to their having ufed foda recently cry- 
ftallized. Mine had been made fome months, and probably 
loft much water and fixed air by evaporation, which altered 
the proportion of the whole. According to the calculation of 
thefe philofophers 100 gr. of this alkali takes up 8a of fixed 
air, 

The 
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The fpecific gravity of the cryftallized mineral alkali 
weighed in. aether; I found to be i ,42 1 . 



© F T HE V O L A T I LE: A LXALI. 

It is not poffible by the old" chymicaL methods tofind the 
proportion of the ingredients in volatile alkalies, whether in a 
liquid or in; a concrete ftatej feeing that,, though it may be 
ffeparated from; fixed air, yet it cannot from water, on account 
of its extreme volatility; Then to findthis proportion we mufti 
recur to the experiments of Dr. pr iestle y, who by his new ana- 
lysis produced this- alkali free, from the aerial acid and water in 
the form, of air:: and in the third volume of his Obfervations,. 
p. 294. informs us, that $t a T meafures .of alkaline air take up, 
and are faturated; by,. 1. meafure of fixed air. Let us fuppofe 
the meafure to contain 100 cubic inches; then 185, cubic 
inches of alkaline air take up too -of fixed air; hut 185 cubic 
inches of alkaline air weigh, at a medium, 42,5.5 gr. ; and 
mo cubic inches of fixed, air weigh 57 gr. ; then. 100 gr. of 
pure volatile alkali, free from water, take up 134 of fixed air. 

On expelling its aerial acid from a parcel of this, alkali: in a 
concrete ftate, and formed by fublirtiatipn, 1 founduoo gr. of 
it to contain 53 of fixed .air,, and therefore, according to the 
preceding reafoning, 39,4,7 of real alkali and 7,53 of water 
per cent.- 

Saturating a folution of this alkaliiwiththe vitriolic, nitrous 9 

and marine acids, I found, that 100 gr. of the mere alkali 

take up 106 of mere vitriolic acid, 1.15' of the nitrous, and 

- 30 of the marine. 

The 
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The Specific gravity of the concrete volatile alkali weighed in 
aether was 1,4076. 

The proportion of water in the different ammoniacal falts I 
have not .been able to find, on account of their volatility ; but 
believe it to be very fmall, as volatile alkali and fixed air crystal- 
lize without the help of water, when both are in an aerial ftate. 

OF CALCAREOUS EARTH. 

"I firftdiflblved this earth in the nitrous acid, and found that, 
after allowing for the lofs of fixed air and the quantity of wa- 
ter I formerly mentioned, 100 gr. of the pure earth take up 
104 of mere nitrous acid. Inftead of diffolving this earth im- 
mediately in the vitriolic acid, I precipitated its folution in the 
nitrous by the gradual addition of the vitriolic, and found 
that to effecVthis 91 or 92 gr. only of mere vitriolic acid were 
required. 

100 gr. of this pure earth demand for their folution 112 of 
mere marine acid. The folution, which is at firft colourlefs,-grows 
greenifh on Standing. Natural Gypfum varies in its proportion 
of acid, earth, and water, 100 gr. of it containing from 32 
to 54 of acid, and alfo of earth;, and from 26 to 32 of water. 
The artificial contains 32 of earth, 29,44 of acid, and 38,56 
of water.; when well dried it lofes about 24 of water, and 
therefore contains 42 of earth, ^ of acid, and 19 of water 
per cent. 

,100 gr. nitrous felenite, carefully dried, contain 33,28 of 
acid, 3,2 of earth, and 34,72 of water. 

100 gr. marine felenite, well dried, fo as to lofe no part of 

the acid, contain 42,56 of acid, 38 of earth, and 19,44 of 

water. _ „ 

OF 
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OF MAGNESIA OR MURIATIC EARTH. 

This earth, perfe&ly dry and free from fixed air, could not 
be diffolved in any of the acids without heat. In the tem- 
perature of the atmofphere even the ftrongeft nitrous acid did 
not act upon it in twenty- four hours ; but in a heat of 1 8o° 
thefe acids diluted with four or fix times their' quantity of 
water attacked it very fenfibly ; but as much of the acids is 
diffipated by heat, I could not judge of the exact quantity of 
acid requifite to diflblve a given quantity of it, any other- 
wife than by precipitating the folutions by another fubftance, 
whofe capacity for taking up acids was known. The fub- 
itance I ufed was a tolerably cauftic vegetable alkali. By this 
method I found, that 100 gr. of pure magnefia take up 125 gr. 
of mere vitriolic acid, 132 of the nitrous, and 140 of the 
marine. None of thefe folutions reddened vegetable blues ; 
all of them appeared to contain fomething gelatinous ; that in 
the marine acid became greenifli on Handing for fome time. 

100 gr. of perfectly dry Epfom fait contain 45,67 of mere 
vitriolic acid, 36,54 of pure earth, and 1 7,83 of water ; but 
ioo gr. of cryftallized Epfom lofe 48 by drying, and cons- 
equently contain 23,75 of acid, 19 of earth, and 57925 of 
water. Common Epfom fait contains an excefs of acid, for 
its folution reddens vegetable blues. 

100 gr. of nitrous Epfom, well dried, contain 35,64 of 
acid, 27 of pure earth, and 37,36 of water. 

The folution of marine Epfom cannot be tolerably dried 
without lofing much of its acid, together with the water. 

The fpecific gravity of pure muriatic earth is 2,3296. 

Vol. LXXIL ' C c * OF 
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OF EARTH OF ALLUM OR ARGILLACEOUS EARTH, 

This earth I fcmncl to contain about 26 per cent. of fixed air, 
though 1 had previoufly kept it red-hot for half an hour : this 
forprifed me much, as mofl writers fay it contains fcarce any. 
It diflblved in acids with a moderate efFervefcence until the heat 
was raifed to 2 20°, after which I found the folution lighter 
than the quantities employed in the proportion 1 mentioned. 

100 gr. of this earth (exclusive of the fixed air) require 133 
©f the mere vitriolic acid to difiblve them. This folution I 
made in a very dilute fpirit of vitriol, whofe fpecific gravity 
was 1,093, m wmc ^ the proportion of acid to that of water 
was- nearly as 1 to 14. This folution contained a flight excefs 
of acid, turning vegetable blues into a brownifh red ; but it 
cryftallized when cold, and the cryftals were of the form of 
allum ; fo that I believe this to be nearly the proper proportion- 
of its acid and earth ; but there was not water enough to form 
large cryftals. As this folution contained an excefs of acid, I 
added more earth to it, but could not prevent its tinging blue 
paper red, until it formed an infoluble fait, that is, one that re- 
quired an exceeding large quantity of water to difiblve it, and 
while part was thus become infoluble, yet another part would 
ftill retain an excefs of acid ; fo that at the fame time part would 
be fuperfaturated with earth, and another with acid, if tinging 
vegetable blues be a mark of an excefs of acidity, which in- 
deed in this cafe feems dubious. 

100 gr. of Allum, perfectly dried', contain 42,74 of acidj 
52,14 of earth, and 25,02 of water ; but cryftallized allum 
lofes 44 per cent by deficcation ; therefore 100 gr. of it contain 

23,94 acid, 18 of earth, and 58,06 of water,. 
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100 gr. of this pure earth take up as far as I can judge 1 53 of 
the mere nitrous acid. The folution frill reddened vegetable 
blues ; but after the addition of this quantity of pure earth, I 
think it was, that an infoluble fait came to be formed. The 
folution, when cold, grew turbid, and could not be wholly 
diflblved by 500 times its weight of water. 

The fame quantity of pure earth requires 173,45 of the 
mere marine acid for its folution ; but the folution frill red- 
dens vegetable blues. After this an infoluble fait was formed ; 
but the beginning of its formation is difficultly difcovered both 
in this and in the former cafes. 

The fpecific gravity of argillaceous earth, containing 2£ 
per cent, of fixed air, I found to be 1,0901. 

OF PHLOGISTON. 

Before I proceed to inveftigate its proportion in various com- 
pounds, and particularly in phlogifticated acids, it will be ne- 
ceiTary to fay fomething of its nature. 

It is allowed on all hands, that fixed air, or the Aerial Acid, 
as it is more properly called, is capable of exifting in two 
ftates; the one fixed, concrete, and unelafiic, as when it is 
actually combined with calcareous earth, alkalies, or magnefia ; 
the other, fluid, elaftic, and aeriform, as when it is actually 
difengaged from all combination. In its concrete and unelafiic 
ftate it can never be produced fingle and difengaged from other 
fubftances; for the moment it is feparated from them, it 
affumes its aerial and elaftic form. The fame thing may be 
faid of phlogifton : it can never be produced in a concrete fiaU\ 
fingle and uncombined with other fubftances ; for the inftant it 
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is difengaged from them, it appears in a fluid and elaftic farm, 
and is then commonly called inflammable air. Thefe different 
ftates of the fame fubftance arife, according to the immortal 
difcoveries of Dr. black, from the different portions of ele- 
mentary fire contained in fuch fubftance, and abforbed by it, 
whilft its fenfible heat remains the fame, and hence called its 
jpecificjire. For want of attention to thefe different ftates, the 
very exiftence of phlogifton as a diftincl: principle has been, 
frequently called in queftion, and chemifts have been required 
to exhibit it feparate in its fixed ftate, without recollecting,, 
that neither can fixed air be fhewn feparate in a concrete flate, 
nor that phlogifton may alfo be in the fame predicament ; while 
others have totally mifraken the nature of inflammable air, 
and imagined it to be a combination of acid and phlogifton. 
The reafon why fixed air cannot be feparated from any fub- 
ftance in a concrete ftate is, becaufe when it is feparated, for 
inftance by means of an acid, there is always a double decom- 
pofition, the acid yielding its fpecific quantity of fire to the 
concrete fixed air, which then affumes an aerial form, while 
the fixed air yields the fubftance it was combined with to the 
acid. This is fo true, that though a folution of lime in the 
nitrous acid yields a confiderable quantity of heat, yet a folu- 
tion of chalk in that acid fcarcely yields any ; for all the fire 
that is fet loofe, and rendered fenfible in the firft cafe, is ab- 
forbed by the fixed air in the fecond cafe, being precifely that 
which converts it into an aerial form. The feparation of phlo- 
gifton from a metallic earth in the form of inflammable air 
arifes from the fame caufe, the diflbiving acid yielding its fire 
to the phlogifton, which then afTumes an aerial form, while 
the phlogifton yields the metallic earth to the acid. It is true, 
that much fenfible heat is produced on this occafion, for which 

three 
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three fubftantial reafons may be affigned ; , firft, the proportion 
of fixed air in a given weight of crude calcareous earth, is 
much greater than that of phlogifton in any metal, as will 
hereafter be fhewn,. it 1 being in the former one- third of the 
whole, and that of phlogifton. in the latter for the moft part 
not even one-fixthu Secondly, much of the phlogifton com- 
bines with the acid itfelf during the folution, and expels part 
of its fpecific quantity of fire, as Dr. ■ Crawford has fhewa; 
and as I have fince experienced ;; and this fire muft occafion fen* 
fible heat. Thirdly, much of the phlogifton, during folution j 
unites to the furrounding atmofphere, expelling alio part of 
its fpecific fire, and this alfo muft occafion fen fible heat; and 
hence it is* that metallic folutions in vacuo are generally at- 
tended with lefs heat j . though with a more violent efFervefcence 
than in open air; The folution of metallic calces is not 
attended with as much heat as that of their refpeclive metals, 
not only becaufe neither the diftblving acids nor the furround- 
ing air is much phlogifticated ; . but alfo becaufe they contain 
an elaftie fluid in a concrete ftate, which abforbs much of the 
fire given ■< out by the diftblving acids, as it acquires an aerial 
ftate. 

The origin and formation of inflammable air being thus 
explained, I now proceed to mew its identity and. homoge- 
neity with phlogifton.. By phlogifton is generally underftood 
that principle in combuftible bodies on which their inflamma- 
bility principally depends ; that principle to which metals owe 
their malleability and fplendor ; that which combined with 
vitriolic acid forms fulphur ; that which diminifhes refpirable 
air. Now inflammable air is that very principle which alone 
is truly inflammable, as Mr. vol t a has elegantly fhewn. In 
effect, combuftible fubftances are either animal or vegetable, 
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as horns, hair, greafe, wood, &c. ; from all of which Dr» 
hales has extracted inflammable air ; or charcoal, from which 
Mr. fontana has extracted it, as did Dr. priestley from 
refins, fpirit of wine, and asther, in all which it is the only 
principle that is inflammable, and they are inflammable only 
in proportion as they yield it ; or phofphorus, from whofe acid 
Dr. priestley has obtained this air by means of minium, fo£ 
it was the acid, and not the minium, that contained it, as Dr. 
priestley rightly conjectured, the acid obtained by deliques- 
cence being never thoroughly dgphlogifticated until heated and 
vitrified, as Mr. margraaf has (hewn ; or they are mineral 
fubftances, as fulphur, from which inflammable air has been 
feparated by means of fixed alkalies, and, according to Dr. 
priestley, alfo by means of marine air, or bitumens or bitu- 
minous fubftances, all of which may be made to yield it ; or 
metallic fubftances, as zinc and regulus of arfenic, both of 
which are inflammable ; but neither of them is fo when de-? 
prived of its inflammable air : this is, therefore, the true and 
only principle of inflammability in any fubftance. I acknowledge 
that the inflammable air, proceeding from almoft all thefe fub- 
ftances, is exceeding impure; that it contains from fome a 
mixture of aerial acid or of oil, and from all fome part of the 
fubftance which yields it or expels it, and hence its fmell is 
different, according to the clafs of the fubftances from which 
it is extracted ; but it is equally true, that none of thefe fub- 
ftances contribute to its inflammability ; on the contrary, it is 
fo much the lefs inflammable (that is, requires fo much more air 
to be mixed with it before it flames) as it contains more of thefe 
heterogeneous fubftances. Hence inflammable air of the mo- 
rafles is never totally confumed * ; and, on the contrary, 

* 15 Roz, 146. 
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inflammable air, from metals which is the pureft of all, is 
alfo the moft inflammable. 

Secondly, Inflammable air is alfo the principle which reduces 
metallic earths to a metallic ftate, and gives them their metal- 
lic fplendor. This has been proved analytically and fyntheti- 
cally, and therefore may be faid to be as completely demon- 
strated as any thing in natural philofophy : thus Dr. priest- 
ley has extracted inflammable air from iron and zinc by heat 
alone;: and the iron, thus {tripped of its phlogifton, loft its 
fplendor, and was of a black colour, which is that which iron, 
{lightly dephlogifticated, always aflumes, as appears by martial 
tethiops : fc alfo zinc and- regulus of arfenic, when once in- 
flamed, lofe their metallic appearance : fo alfo a mixture of 
lead and tin inflames in a' moderate heat* and then both are 
converted into a calx deftitute of fplendor and malleability. 
On the other hand, if a current of inflammable air, in the act of 
combuftion,- be directed on- the calces of iron, lead, or mercury, 
they are immediately revived and- reftored to their metallic 
form, as appears by the experiment of Mr. chaussier *. The 
following experiment is ftill more conclufive : if; a polifhed 
plate of iron be put into a faturate and dilute folution of copper 
hi the vitriolic or marine acids (I mention thefe becaufe they 
are commonly ufed for the production of inflammable air,' 
though the refult is the fame when other acids are ufed), no 
effervefcenrce will arife, no inflammable air will be caught ; but 
the iron will be diffolved, and the copper precipitated in its. 
metallic form.- Here inflammable air muft< be produced as 
ivfual, for the acid quits the copper and diflolves the iron ; but 
this inflammable air inftantly lofes its aerial form, and unites 
to the copper, juft as fixed air leaves alkalies to unite to, lime 

* xoRoz.. 313. 
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without any efFervefcence ; and by this fame inflammable air 
is the copper evidently reduced, acquiring fplendor, malleabi- 
lity, and every other metallic property. But if the folution 
of copper be not faturated with copper, a fmall quantity of 
inflammable air may be caught, as the excefs of acid will dif- 
engage more of it from the iron than the calx of copper can 
take up. Inflammable air is then the principle that metallizes 
metallic earth ; and if metals contain only a fpecific earth and 
phlogifton, inflammable air certainly contains nothing elfe but 
phlogifton. If iron and thearfenical acid be digefted together, 
no inflammable air is produced; but the arfenical acid is, in 
great meafure, converted into white arfenic, as Mr. berg- 
man has obferved, and alfo Mr. scheele* ; what reafon can 
be affigned why inflammable air is not produced by this as well 
as by all other acids.; but that this metallic acid received it, 
and was by it reduced to a fenai- metallic form, as by pure phlo- 
gifton ? Yet this acid produces inflammable air, from zinc be- 
caufe zinc gives out more phlogifton than the regulus of arfe- 
nic can take up ; but it attracts and is metallized by a part of it, 
and it is only the excefs that appears in the form of inflammable 
air, as Mr. scheele has remarked. This inflammable air, indeed, 
is not pure, for it holds fome of the regulus in folution; but 
this portion of regulus does not enter into its compofition, as 
lis very evident. 

Thirdly, Inflammable air is the fubftance which, with vitri- 
olic acid, forms fulphur, for it is the very fubftance which the 
vitriolic acid feparatesrfrom metals ; and this fubftance, fo fepa- 
rated, when in fufficient quantity, and in proper circumftances, 
unites to it in fuch proportion as to form common fulphur. 
Thus fulphur is formed by diftilling concentrated vitriolic acid 
* a Nov. A&. Upfal. p. 210. Kon. Veten. Accad. Handlingar, vol. 36. p. 288. 
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With iron or bifmutb, or by diflilling tartar vitriolate with 
a - egulus of antimony. It is this alfo that dirainifhes refpirabie 
air, as Dr. priestley has clearly fhewn in the 5th vol, of his 
•Obfervations, p. 84. ■; for though in its complete aerial ftate,, 
after it has abforbed that large quantity of fire requifite to its 
aerial form, it difficultly and flowly unites to refpirabie air in 
the heat of the atmofphere, their points of contact through 
their difference of denfity being very fmall, and there being 
no fubftance at hand to receive the large portion of elementary 
fire they both contain, and of which they muff, lofe a large 
proportion before they can combine together ; yet while in- 
flammable air is (as Dr. priestley elegantly exprefles it) in 
its nafcent ftate, before it acquires its whole quantity of fpe- 
cific fire, refpirabie air eafily unites to it, and is diminifhed in 
proportion to its purity ; but if to a mixture of both, igneous 
particles of fufficient denfity to be vifible be introduced, a de- 
gree of heat is excited, which, as it rarifiesthe dephlogifficated 
part of refpirabie air to a greater degree than it can inflammable 
air *, brings both into nearer contact, increafes their attraction 
to each other, and both uniting give out their fire, or in other 
words Inflame, when in proper proportion to each other, with- 
out any decompofkion of either, unlefs the lofs of a great 
part of their fpecific fire be called a decompofkion, which lofs 
is not ufually called a decompofition ; for water is never faid 
to be decompofed when it becomes ice, nor metals when they 
become folid on cooling. 

In anfwer to all this it will be faid, that inflammable air un- 
doubtedly contains phlogifton, which produces all the before- 
mentioned erFe&s ; but that the phlogifton it contains is united 
to fome other fubftance, which fome will have to be an acid, 

* 5 priest. 359, 
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fome an earth, and others refpirable air. To thefe hypothecs 
I fhall oppofe one general observation, which is, that fince in- 
flammable air, when pure, that is, when difengaged from all 
heterogeneous fubftances which noway contribute to its inflam- 
mability, has always the fame properties ; it mull, if it con- 
fifts of phlogifton combined with any other fubftance, be 
always united to the fame fpecific fubftance ; that is, if this be 
an acid, it muft be always the fame fpecies of acid, or if an earth, 
it muft be always the fame fpecies of earth ; for we find, that 
fubftances, which are only genetically the fame, always produce, 
with any other given fubftance, compounds whofe properties 
are yery different from each other.' Thus we fee that the dif- 
ferent fpecies of alkalies, or earths, or metals, produce with 
one and the fame fpecies of acid compounds eflTentially dif- 
ferent. This is a rule which, as far as I know, admits of no- 
exception : and if we apply it to the abovementioned fuppofi- 
tions it will intirely deftroy them'; for it is irnpoffible to think, 
that the phlogifton can in every fubftance, that produces inflam- 
mable air, meet either the fame acid, or earth* or any refpi- 
rable air. 

But to be more particular, the' following reafons demonfbare 
that an acid of any fort cannot be the bafis of inflammable air. 
i ft. Inflammable air has been, by Dr. priest^ey, feparated 
from metals by mere heat. Now metals, contain no acid, ex- 
cept perhaps their dephlogifticated calx, which thofe eminent 
chemifts, bergman and scheele, fufpecT: to be of an acid 
nature ; but thefe calces cannot enter into the compofition of 
inflammable air, otherwife the inflammable air of each different 
metal would have different properties, as already {hewn '. nor 
indeed are thefe the acids that have been fuppofed to enter into 
the compofition of inflammable air; but rather thofe acids by 
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whofe means it is extricated. But as this air is extricated from 
metals, not only by acids, but alfo by alkalies*, this fuppofi- 
tion muft vanifli of courfe. 

The fame reafons militate with equal ftrength againft the 
fuppoiition that an earth of any kind enters into the compofi- 
tion of this air ; nor is there an inftance of any earth rendered 
permanently fluid by any means, except in fparry air. Beiides, 
if it were a metallic earth, it muft neceflarily be fuppofed to 
be in a metallic ftate ; and how then could it efcape the action 
of all kind of acids ? for no acid is capable of decompounding 
inflammable air. Laftly, refpirable air cannot be faid to be the 
bafis of inflammable air, unlefs we fuppofe that refpirable air 
enters into the compofition of metals; for Dr. Priestley has, 
by fblar heat, extracted inflammable air from them in a veilel 
full of mercury, into which refpirable air hadnoaccefs, and 
even in vacuo. Befides, refpirable air and phlogifton form 
other Compounds very different from inflammable air, viz. 
fixed and phlogifticated airs as will prefently be feen. 

It may alfo be fairly urged againft all thefe fuppolitions, that 
they are not founded on any direct experiment, nor any known 
analogy, but merely gratuitous, or at leaft deduced from expe- 
riments inadequate to their fupport ; whereas the opinion that 
inflammable air is nothing elfe than phlogifton thrown into a 
fluid form by elementary fire, is directly founded on that expe- 
riment whereby inflammable air is fepa rated from metals by 
mere folar heat in the moft perfedl: vacuum, juft as fixed air 
united to marble and in a concrete ftate (in which it is nearly 
of equal denfi'ty with gold) is feparated from the marble, and 
thrown into a permanently fluid form by heat alone. 

* Mem. Par. 1776, p. 687. 

D d a In 
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In favour of the exigence of an acid in inflammable air, 'it 
has been fad, that if this air be paffed through water tinged 
blue by litmus, it reddens inftantly. I have feeii this fre-* 
quently happen when inflammable air has been extracted from 
iron by fpirit of vitriol ; but if this air be wafted, by paffing it 
through lime-water, and then pafied through, or agitated in, 
an infmion of litmus, it will not difcolour it in the leaft : this I 
have feen done by Mr. font ana in June 1779. It has alfo s 
been faid, that inflammable air and alkaline air, mixed toge- 
ther, form a cloud ; but this has been fully difproved by Dr. 
Priestley, in the fourth volume of his Obfervations. 

That an earth of any kind is efTentially requifite to the con- 
ftitvstion of inflammable air, feems to me utterly improbable ; 
nor do I know of any experiment from whence it can be infer- 
red. That metallic fubftances may be held in folution by 
inflammable air is certain ; but it is equally fo, that they nc* 
way contribute to its inflammability *, and are quite dlftincl 
from it. 

But the opinion, that inflammable air confiffo of refpirable 
air fuper faturated with phlogifton, is grounded on very fpecious 1 
arguments drawn from experiments to be found in various 
part of Dr. Priestley's works, which deferve fo much the 
more attention as the facts mentioned by that excellent philo- 
fopher are not to be queftioned. I mall endeavour to ftate 
them with accuracy ; but fhall at the fame time accompany 
them with fuch remarks as feem to me to invalidate the con- 
clufion that has been drawn from them. 

In the firffc volume of Dr. Priestley's Obfervations it 
appears, that a quantity of flrong inflammable air, having 
been agitated in a glafs jar immerfed in a trough of water., 

* 3, PRIESTLEY, 268. 

7 &• 
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the furface of which was expofed to the common atmofphere, 
after the operation had continued ten minutes near one-fourth 
of the quantity had difappeared ; the remainder became fit for 
refpiration, and yet was weakly inflammable. By further agi- 
tation it was diminifhed half, and then admitted a candle to 
burn in it though feebly ; but, on continuing the agitation a 
little longer, it came to extinguish a candle. Upon this I Ihall 
remark, firft, that it clearly follows, from this experiment, 
that if the external refpirable air had no accefs to the iniide of 
the jar, half nearly of the inflammable air was converted into, 
or confifted of, refpirable air, fince fuch quantity of air was 
found in it after the operation. Now it is abfolutely impoffible 
that either could happen ; for inflammable air could not be 
converted into half nor even one-third or one-fourth of its 
volume of refpirable air, as even one-fourth of refpirable air con- 
tains more matter than four times its bulk of inflammable air ; 
it is then evident, that the external air muft have had accefs to 
ito Secondly, I agitated about half a pint of inflammable air, 
obtained from iron and previoufly palled through lime-water 
and kept over mercury, in about twelve times its bulk of wa- 
ter, out of which its air had been boiled in a glafs bottle clofed 
with a glafs-ftopper. The agitation continued at feveral times at 
leaft two hours. A large quantity of the air was indeed abforbed, 
as appeared by opening the bottle in water;, but the remainder 
appeared, by the nitrous teft, as noxious, and was alfo found 
to be as inflammable as at firft. Even Dr. priestley attefls, 
that inflammable air, which had been united to water for one 
month, was afterwards as inflammable as ever 3 pr. 267. 

The true explanation of the firft experiment appears, there- 
fore, to be the following : Firflr, Water eafily imbibes inflam- 
mable air, but does not combine with it ; for after it has im- 
bibed 



2o6 Continuation of the Experiments and Obfervatiom 

bibed one-fourteenth of it, its tafte is no way altered, as Dr. 
Priestley has obferved. i pr. 196. Water alfo eafily im- 
bibes common air : when, therefore, inflammable air is agi- 
tated in water haying a communication with the atmofphere, 
the inflammable air muft neceflarily be diminifhed by reafon of 
its abforbtion, and the part fo abforbed immediately efcapes 
out of the water into the atmofphere, as is evident by the 
fmell which is perceived when the quantity of inflammable air 
is confiderable. This efcape gives room for the further ab- 
forbtion of the inflammable air which then efcapes in the fame 
manner. In the mean time the common air under the jar rifes 
into it, as appears by the direcl: experiments both of Dr. 
priestley * and Mr. fontana ; and hence the air in the jar 
muft appear by the nitrous flightly phlogifticated and refpira- 
ble; but a further agitation will decompofe the common air, 
as we (hall foon fee, and then a candle will be extinguished. 
The fame procefs takes place when inflammable air {lands long- 
in water whofe furface is expofed to the atmofphere. 

Another experiment of the fame tendency, but feemingly 
more decifive, is to be found in the 4th vol. of Dr. priest- 
ley's Obfervations, p. 368. There it is related, that a por- 
tion of inflammable air, inclofed in a glafs tube, hermetically 
fealed and heated until the glafs was foftened, ftained the glafs 
black, and the tube being opened, the air was found reduced 
to one-third of its bulk ; and this refiduum was found to be 
mere phlogifticated air, neither precipitating lime-water, nor 
being affeclied by nitrous air, or in the leaft inflammable. Yet 
decifive as this experiment appears, a little confideration will 
{hew the abfolute impoffibility that inflammable air mould con- 
fift of one-third phlogifticated air and two-thirds phlogifton ; 

* 1 tr, 96. 159. 3 fr. 156, Phil. Tranf, 1779, p. 443. 



for, 



on the fpecific Gravities, Sec. of Saline Subftances. 207 

for, in the firft place, one Cubic inch of phlogifticated air 
weighs 0,377 of a grain : now let us fuppofe, that to this 
phlogifticated air is added two-thirds of its bulk of phlogifton ; 
and to make the fuppofitio'n ftill ftronger, let us alfo fuppofe,, 
that phlogifton has no weight ; then, by the fuppofition, this 
compound of phlogifticated air and phlogifton will conftitute 
inflammable air, and amount to a bulk of three Cubic inches, 
and thefe three Cubic inches will weigh no more than 0,377 
of a grain ; but if three Cubic inches of inflammable air weigh 
0,377 °f a § ram » olle Cubic inch fhould weigh 0,105 °f a 
grain, which cannot be ; for then inflammable air would be 
little more than one-third lighter than common air, contrary 
to all the experiments that have been hitherto made, and par- 
ticularly thofe of Mr. cavendish, font ana, and Dr. priest- 
ley himfelf, which fhew it to be about eleven times lighter 
than common air. Secondly, It is faid, that the matter which 
ftained the glafs black was the true phlogiftic part of inflam- 
mable air, and was afterwards feparated by means of minium. 
This then contained no phlogifticated air ; but is it not certain, 
that if there had been enough of it, the minium would have 
been reduced and converted into lead ? And might not inflam- 
mable air be again feparated from that lead, though no phlo- 
gifticated or common air were at hand to fupply its other fup- 
pofed conftituent part ? Thirdly, In one of Dr. Priestley's, 
experiments the inflammable air, contained in the glafs tube 
which was moft heated, was reduced to fo fmall a bubble that 
no experiment could be made on it : therefore, in this,, at leaft,, 
the quantity of phlogifticated air did not amount to one-third',, 
but was quite inconfiderable ; the remainder then being taken 
up by the calx of lead in the glafs, was pure mere phlogifton,, 
fo that this experiment is. a. ftrong proof of my opinion,. 

Fourthly^ 
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Fourthly, If phlogifton could be decompofed by heat, and 
then leave a refiduum of phlogifticated air, amounting to one- 
third of its bulk, the diminution arifing from its inflammation 
with common or dephlogtfticated air could never be fo great as 
it is found to be by repeated experiments ; for when inflam- 
mable and common air are fired in the proportion of eleven of 
the latter to four of the former, a bulk equal to the whole of the 
inflammable air, and to one-fifth of the common air, difap- 
pears, according to Mr. volt a *, and the diminution is about 
two-fifths of the whole, or more exactly out of fifteen mea- 
fures, only 8,8 remain ; but if the inflammable air were decom- 
pofed, and one-third of it, being phlogifticated air, mould 
remain, then not quite one-fifth of the whole would vaniihj, 
and the refiduum mould be 10,54 meafures. This evidently 
proves, that pure inflammable air is never decompofed (unlefs 
the lofs of its fire be called a decompofition) ; but in the ac~l of 
inflammation is totally transferred upon the pure part of refpira- 
ble air to which it unites. Fifthly, To obtain ftill a clearer 
iniight into this matter, I intreated Mr. cavallo, who is very 
expert in the management of the blow-pipe, as well as in pneu- 
matic experiments, to repeat this experiment in my laboratory. 
We accordingly filled a tube 10,5 inches long, and one-fourth 
of an inch in diameter, with inflammable air from iron re-» 
ceived over mercury, and having made the tube red-hot 
throughout and black, and foftened it fo far as to endanger the 
efcape of the air, we opened it on mercury. The air was di- 
minifhed only one-tenth, and inflamed with an explofion as 
loud as an equal quantity of the fame inflammable air that had 
not been heated s 

* Roz. April* 779, p , 2 9So 

The 
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The only queftioft that remains then is, whence the phlo- 
gifticated air proceeded which Dr. priest ley mentions to have 
found? The cirCitmftance of his experiment would furnim a 
plaufible anfwer ; but the dod~tor has lately informed me, that 
he believes the air was really inflammable, but being a very 
fmal'l quantity efcaped before the flame could be applied. 

It feem's, therefore, Sufficiently proved, that inflammable 
air purified from the acids or other fubftances that expel it from 
its bafis, and alfo from all particles of the body to which it 
was originally united, fuch as inflammable air from metals re- 
ceived on mercury, and well warned in lime-water, is one and 
the fame fubftance with phlogifton, differing only in quantity of 
fire, inflammable air containing nearly the fame quantity of 
this element as the fame bulk of atrnofpheric air, as Dr. craw- 
ford has found by fome late experiments, an account of which 
will foon be laid before the public. This does not contradict 
that raoft important difcovery of this ingenious philofopher, 
that fire and phlogifton repel each other : the meaning of this 
being only, that the addition of phlogifton to any fubftance, 
as to refpirable air, dephlogifticated acids, metallic calces, ex- 
pels part of the fire already contained in fuch fubftance ; and, 
on the contrary, by the removal of phlogifton from any fub- 
ftance, the quantity of fire abforbed by fuch fubftance is 
increafed. 

It may appear extraordinary, fuppofing inflammable air and- 
phlogifton to be the fame fubftance, that inflammable air fhould 
mix f© eafily with water, whereas phlogifton conftantly repels 
and is repelled by it ; but this intirely depends on the ftate of 
this fame fubftance, which, when fixed and concrete, is called 
phlogifton, and, when rarified and aeriform, inflammable air. In 
this latter ftate it mixes with water in proportion to itsrare- 

Vou LXXII. E e ' fa&ion, 
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fa&ion, as it even does in the lefs denfe forms of its concrete 
ftate : thus aether is totally absorbed by ten times its weight of 
water. The animal oil of Dippel mixes intirely with water j 
fo does pure Petrol, and eflential oils frequently diftilled, and; 
the fpiritus rector of plants. 

Much more remains to be faid of the different ftates of phlo^ 
gifton from itsmoft rarefied known ftate, viz. that of inflam- 
mable air, to its moft condenfed ftate, that in which it is com- 
bined with metallic earths, &c. I have already diftinguiflied 
eight intermediate ftates each differing from the other by the 
portion of elementary fire they contain, this quantity being, as 
far I can judge directly , as the rarefa&ion of the phlogifton ; but 
thefe refearches are foreign to my prefent fubjedt. I mail only 
remark, that phlogifton, in a ftate perhaps 100 times rarer 
than inflammable air, and consequently containing much more 
fire, may poffibly conftitute the ele&ric fluid. 

P. S. Since I wrote the above, I have been honoured with x 
letter from Dr. priestley, in which he informs me, that he 
has reduced the calces of iron, copper, lead, and tin, merely 
by melting them in inflammable air by means of a burning 
glafs. A certain quantity of inflammable air was abfbrbed by 
each during their reduction ; but the unabfbrbed part was 
equally inflammable, fo that there 1 was- no decompofition ; but 
the remainder was of the fame nature as the part abfbrbed. He 
aifo, by the fame means, converted nitrous vapour into nitrous 
air, and the phofphoric ackl into phofphorus. And fince the 
communication of the la ft mentioned experiments, which feem 
to him alfo a direft proof of the identity of inflammable air 
and phlogifton, he has been fo obliging as to inform me, that 
he has revived the calces of metals in alkaline air as well as. 
7 h 
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In inflammable air, and alfo formed a phofphorus ; and that he 
lias little doubt but that he (hall be able to produce any thing 
•elfe in which phlogifton is fuppofed to be concerned. This, he 
fays, agrees with feveral of his former experiments, efpecially 
that in which he produces inflammable air from alkaline air, 
by means of the electric fpark and volatile alkali from iron, 
fuperfaturated with phlogifton by means of nitrous air, which 
he has repeatedly done fince the publication of his laft volume* 
This obfervation, he adds, may help to explain fome things in 
die theory of chemilftry, efpecially the affinity which all acids 
have both with phlogifton and with alkalies ; but, he fays, that 
alkaline air contains fomething elfe befides phlogifton ; becaufe 
when this air is ufcd, there is always a refiduum of fomething 
that is neither alkaline nor inflammable air \ but he wants more fun- 
ihine to complete and extend his experiments on this fubjecl: *. 

OF THE QUANTITY OF PHLOGISTON 
IN NITROUS AIR. 

too gr. of filings of iron being diftolved in a fufficient quan- 
tity of very dilute vitriolic acid produced, with the affiftanqe of 
lieat gradually applied, 155 cubic inches of inflammable air, 
the barometer at 29,5, and the thermometer between 50 and 
6o°. Now inflammable air and phlogifton being the fame. 
thing, this quantity of inflammable air amounts to 5,42 gr. of 
phlogifton. 

Again, 100 gr. of iron, diflblved in dephlogifticated nitrous 
acid, in a heat gradually applied and raifed to the utinoft, afford 
'83,87 cubic inches of nitrous air. And as this nitrous air con- 

'* Since this paper was committed to the prefs, I find that Mr. pell^tier has 
reduced the arfenical acid to a regulus, by merely paffing inflammable air through 
the folutioa of that acid in twice its weight of water, roz. Journ. February 1782. 

E e 2 tains 
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tains nearly the whole quantity of phlogifton which iron wifl 
part with (it being more completely dephlogifticated by this 
acid than by any other means) it follows, that 83,87 cubic 
inches of nitrous air contain at lea.fr. 5*42 gr. of . phlogifton 5 
but it may reafonably be thought that- the whole quantity of 
phlogifton which iron will part with is not expelled by the 
vitriolic acid^ and that nitrous acid may expel and take up more 
of it. To try whether this was really fb, I calcined a certain 
quantity of green vitriol, until its ferruginous bafts was- quite 
infipid ; I then extracted from 64 gr. of this ochre two cubic 
inches of nitrous air, confequently 100 gr. of this ochre would 
give 3,12 cubic inches of nitrous air ; and if 83*87 cubic 
inches of nitrous air contain 5,42 of phlogifton, then 3,1 2 cubic 
inches of this air contain 0,2 of a grain of phlogifton.;- confe- 
quently, nitrous, acid extracts from 100 gr. of iron two tenths 
of a grain more phlogifton than the vitriolic acid does ; there- 
fore 83,87 cubic inches of nitrous air^ containing nearly all the 
phlogifton which iron gives out, contain 5^62 gr. of phlogifton. 

Then 100 cubic inches of nitrous air contain 6,y gr. ofpfalo- 
gijion, and lince iqo cubic inches of nitrous air weigh 39,9 gr. 
they muft alfo contain 33,2 gr. of nitrous acid. 

Alfo, 100 gr. of nitrous air contain, 16,792 of phlogifton^ and 
83,208 of acid. 

When firft I made thefe experiments I imagined,, that the ni- 
trous air thus expelled contained all the phlogifton of the metals 
diffolved in the nitrous acid, as this acid is well known to dephlo- 
gifticate metals as perfectly as poffible ; but I foon obferved, as 
did Dr. priestley and Mr. fontana, that the greater part of 
this is-air reforbed and detained in the folution, the acid and calx 
having, according to the beautiful remark of Mr. scheele, a 
greater attraction to phlogifton than either feparatelyj yet that the 

calculation 
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calculation is, nearly juft, will appear clearly in my next papery 
fey its coincidence with the quantity of phlogifton discovered in 
lead by Dr. priestl*ey ; and that which is contained very evU 
dently in- regulue of arfenic, filver, and quickfilver. . 



OF THE QUANTITY OF PHLOGISTON 
■W FIXED AIR. 

Before I attempt ! to determine this< quantity y it. will he ne* 
ceffary to prove that it contains, any ; and for this purpofe mi- 
nutely to examine its nature arid origin. 

Dr. priestley ftrft difcovered that in all proceffes, wherein 
phlogifton is. diferigaged from any fubftance, as in combufiion% 
refpiration, .calcination of,, metals y . putrefaction, decomposition of 
nitrous air by rejpirable air, &c. fixed air is precipitated from 
the common or dephlogifticated air in-which.thefe procefTes are 
performed, and that thefe laft airs are diminimed both in 
weight and. bulk, and are afterwards lefs fit* . or abfolutely uny 
fife^ for thefe proeefles, according to the quantity of phlogifton 
that was fet loofe.. Thefe fa&s are admitted by all* let their 
fyftems be what they may.. However, Dr. PR iestley thinks 
he has feen one exception to this general rule ; for, he fays, 
that in the combuftion of inflammable and common . air no 
fixed air is precipitated, 5 PR. 124. He -alio feems inclined to 
admit another exception in the. cafe of the. combuftion of 
ftilphur. 

The queftions that here ariie are, .firft, whether the fixed 
air that appears in thefe circumftances .proceeded from the 
refpirable air or not ? Secondly, If it proceeded from the refpi- 
rable air,, whether it pre-exifted in. that air; or whether it was 

generated 
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generated daring the process that exhibits it ;? and if fo, what 
are its con&ituent parts ? 

The firft queftion is eafity aftfwered ; for in fuch phlogiftic 
proceffes as are attended with the detraction of the fiibftances 
that are known to contain fixed air, as thofe of the animal and 
vegetable kingdom, the fixed air may be fuppofed to proceed in 
many cafes, both from the decompofed fubftance and from the 
refpirable air ; and of this fort are the procefles of combuftion 
of molt animal and vegetable fubftances, and fermentation ; 
but the fixed air* that appears in fuch phlogiftic procefles as 
are performed on fubflances that contain no fixed air, muft be 
deemed to proceed from the refpirable air fingly. And of this 
cafe we have four clear inftances ; the calcination of metals ; 
the decompofition of nitrous air hy reipirable air ; the diminu- 
tion of Common air by the eledric fpark; and, iaftly, its 
diminution by amalgamation. 

And firft as to the calcination of metals, Dr. priestley 
has obferyed, that by this Operation refpirable air (and only 
refpirable air) is diminifhed between one-fourth and one-fifth, 
both ia its weight and bulk; but Mr. lavoisier has demon- 
fttated, that nothing is loft or efcapes through the veflels (as 
Mr. scheele would have it) ; for the weight and materials 
continue undiminifhed when the operation is performed in 
clofe veflels*. That part, therefore, which the air lofes is 
taken up by the metallic calx, which accordingly is found to 
gain the very weight which the air lofes. Now the air con- 
tained in the calx is fixed air; for Mr. lavoisier alfo ob- 
ferved, that by the calcination of lead, by folar heat, over lime- 
water, the water was rendered flightly turbid f. It is true, 



* Mem.. Par. 1774. 

f l LAVOK, 291. 
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that Dr. ?riestley, in a fimilar experiment, did not obfen r e 
this turbidity; but he accounts for this circumftance very 
jjuflly, hy fuppofing,, that the, calx of lead abforbed the fixed 
air preferably to the lime. And this fuppofition is not gra- 
tuitous ; for metallic calces, and particularly thofe of lead, are 
known to attradt fixed air as flrongly as quick lime, or rather 
more ftrongly * : and what fets this, matter beyond all doubt,, 
the calces of lead all yield fixed air by heat, and the grey calx 
of lead, in particular* which was that produced by Dr. priest- 
X-ey, in the experiment to which I allude, affords by heat 
fixed air only. Other calces of lead after fixed air afford alio 
dephlogifticated air; but this I fhall fhew alfo to have beei* 
originally fixed air. If filings of iron be mixed with water hi 
clofe veflels, they will be converted into ruft, and the incum- 
bent air diminifhed one- fourth, as Mr. lavoisier attefts -f ; 
but Dr. priest ley has fhewn, that raft of iron yields fcarce 
any other than fixed air, which may be expelled out of it by 
mere heat |. Nay, iron alone, expofed to common air over a 
veffel of water for three months, reduced this air one-fifth j 
and being expofed to dephlogifticated air, over a veffel of mer- 
cury, it reduced it one- tenth in nine months §. In all thefe 
cafes the fixed air could fu rely come from nothing elfe but the 
incumbent refpirable air and the phlogifton of the metaL 

Secondly, It is well known, that if nitrous air be decom- 
pofed by refpirable air over lime-water, the lime will be preci- 
pitated j|. In this cafe alfo, the fixed air muft proceed from tha 

* vogei., §599. 2 N. A£h Upfal. 240, IX Mem. Scav. Etrang.. 544. 

<f I LAVOIS, I92. 

I 2 PR.IJ2. 

§ 2 PR. 182. 4 PR. 253.. 

(| i pr, 114. 3 PR. 30, 1 pa. i38(,. 

refpirable 
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refpirable air and the phlogifton of the nitrous air ; for it can« 
not proceed from the nitrous acid, as this acid is not decom- 
posed, but is'talken up by the water over which the mixture of 
both airs is made, as Mr. bewly has undeniably proved : and 
hence it is, that unlefs a large quantity of lime-water be ufed 
fo as to contain enough for both the nitrous and aerial acids to 
act. on, there will be no precipitation of lime, as Mr. Montana 
has obferved; for the nitrous acid will feize on the lime pre- 
ferably to the aerial. Dr. priestley indeed obferved, that if 
a bladder, filled with nitrous air, be dipped in lime-water, 'it 
occafions a precipitation of lime on the furface of the water. 
i PR. 2-13. But he elfewhere acknowledges, that this pro- 
ceeds from the inability of the bladder to confine nitrous air* 
1 pr. 76. and 128, which Mr. baume alfo long ago obferved, 
without -knowing any thing more of this air. baume fur 
PHtLther, 285. The phlogifton pafles through the bladder, 
and unites to the common air contiguous to it *. Befides, 
nitrous air ads on the bladder itielf, and extracts fixed air from 
it. 1 PR. 214. Hence alfo, if rain-water carefully boiled, and 
freed from its own air, be made to abforb a quantity of nitrous 
air, it will again, on boiling, yield it back as pure as at fir-ft"; 
but if common water be made to imbibe nitrous air in the 
Came manner, it will, on boiling, yield alfo a portion of fixed 
air. 3 PR. 109. Does not this happen clearly becanfe common 
water contains atmofpheric air, or air fomewhat purer, which 
is converted into fixed air by mixture with the nitrous air ? 
This experiment alfo fhews, that water itfelf never unites to 
phlogifton, fince it does not take any from nkrous air, where 
the union of phlogifton to the acid is of the laxeft kind, 

* J PR, 156. 
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Thirdly, If the electric fpark be taken through common air, 
this air will be diminiihed one-fourth^ and a folution of lime, 
if contiguous, will be precipitated, and a folution of turnfble 
tinged red. 1 pr. 184. 186. Whence could the fixed air here 
produced proceed, but from the common air, and the phlogifton 
df the metallic conductors ? This excellent philofopher has even 
fliewn it could proceed from nothing elfe ; for after that air 
had contributed all it could to that production, that is, was 
diminifhed to the utmoft, he changed the liquors, but could 
produce no change in their colour, nor the leaft fign of fixed air. 
This experiment has alfb been repeated in France, and the 
infide of the glafs tube, in which the common air was con- 
tained, was moiftened with a folution of cauftic fixed alkali, 
and the alkali, after the operation, was found cryflallized ; 
but when the tube was exhaufted of air, and the experiment 
repeated, no change whatfoever was found in the alkali. EJfai 
fur VEkStriciti, par Mr. Le Comte de la cepede, vol. I. 

Fourthly, If lead and mercury be agitated in a phial, partly 
filled with common air, this air will be diminimed one-fourth, 
and the refiduum will be found completely phlogifticated. The 
diminution will be ftill greater if the phial contain dephlo- 
gifticated air. 1 pr. i 49. The lead is converted into a calx, 
calcination being the known effect of the amalgamation of 
the bafe metals ; and this calx abforbed the fixed air produced, 
for Dr. Priestley expelled this air from it. 1 pr. 144.; and 
hence an amalgama of lead and mercury decrepitates when 
heated *. Whence could this fixed air proceed, but from the 
refpiral?le air? For furely neither lead nor mercury contain 
any. 

* t MAlOUIN. 105. 

Vol. LXXII. F ' f * If 
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If the above experiments be attended to, the anfwer to the 
fecond queftion will be equally obvious. It is certain, that 
common air does not confift of one- fourth of its bulk of fixed 
air; for if it did, the remaining three-fourths muft be dephlo- 
gifticated air : and if fo, then the abfolute weight of a mix- 
ture of three- fourths dephlogifticated air and one-fourth fixed 
air mould coincide at leaft nearly with the abfolute weight of 
an equal bulk of common air; but in fa£t it is very far from 
it: for four cubic inches of common air weighed 1,54 gr. ; 
but a mixture of three cubic inches of dephlogifticated air and 
one of fixed air weighs 1,83 gr. ; neither indeed has Co large a 
portion of fixed air been ever fuppofed to exift in common air. 
Befides, if fixed air pre-exifted in common air, it might be fepa- 
rated from it by lime-water, at leaft in fome degree. I have 
mixed one part of fixed air with twenty of dephlogifticated air, 
and alfo with twenty of phlogifticated air in clofe veffels, and 
thefe mixtures did not fail to render lime-water turbid. But let 
common air be agitated in lime-water ever fo long in clofe 
veflels, not the leaft cloudinefs will appear ; nor does quick-lime, 
in thefe circumftances, in the leaft affect common air, as Dr. 
Priestley has obferved. 2 pr. 184. The fpontaneous pre- 
cipitation of lime-water arifes therefore from an accidental dif- 
fusion of fixed air through common air, and the flownefs of 
this precipitation (hews its quantity to be very fmall. T he in- 
ference from the above experiments will be much ftrongef 
againft the pre-exiftence of fixed air in refpirable air, if, inftead of 
common air, dephlogifticated air be ufed; for there the dimi- 
nution is fo great, and the quantity of fixed air produced fo 
considerable, that it can by no means be fuppofed to have pre- 
exifted, its properties being fo very oppofite to thofe of de- 
phlogifticated air. 

To 
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To this it has been anfwered, firft, that fixed air in common 
air is united to fome unknown bafis, which attracts it more 
ftrongly than quick-lime does y but that it is precipitated from 
that bafis by the phlogifton fet loofe in phlogiftic proceffes, 
which is ftill more ftrongly attracted by that bafis; and, fe- 
condly, that the diminution both of the weight and bulk of 
refpirable air in phlogiftic proceffes does not arife Intirely from 
the feparation of fixed air, but from fome other caufe. 

But neither of thefe anfwers is fatisfactory : for the fuppofi- 
tion of fuch a bafis is evidently gratuitous, being fupported by 
not one experiment. It is alfo contrary to analogy, there 
being no inftance of the feparation of fixed air, nor of any 
Other acid, from any fubftance merely by the greater affinity 
of phlogifton to fuch fubftance. It is alfo inefficient for the 
purpofe for which it was framed ; for of dephlogifticated air 
07 parts in 100 are reducible to fixed air by phlogiftic proceffes ; 
and can it be imagined, that 97 parts in 100 of it were mere 
fixed air united to lefs than three parts of an unknown bafis I 
I fay, lefs than three parts ; for, according to the prefent fup- 
pofition, this unknown bafis took up the phlogifton of the 
fubftance that feparated the fixed air from it, and yet it, and the 
whole quantity of phlogifton it took up, amounted but to three 
parts of an hundred; can it be fuppofed, that this vaft pro- 
portion of fixed air would not in the leaft affect lime-water, as 
pure dephlogifticated air is known not to do ? Can it be fuppofed, 
that fuch an immenfe quantity of fixed air, combined with any 
bafis, would be fb fuperlatively fitted for all phlogiftic procefles, 
while fixed air, in its difengaged ftate, is totally unfit for 
them? Befides, this unknown bafis, after all, is nothing but 
phlogifticated air, with which fixed air is incapable of contract* 
ing any union ; and if its phlogifton be wafhed away, it is not 

F f 2 found 
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found different from common air flightly injured. Accordingly, 
we find that this conjecture, firft advanced by Dr. priestley 
in the infancy of his refearches, is now abandoned by him. 
Vol. V. p. 31. And he now juftly thinks, that common air 
does not contain above - r '_ of its bulk of fixed air. 

As to the diminution of bulk, it is certain, that the whole of 
it does not proceed from the feparation of fixed air ; for though 
no part of the fixed air (hould be abforbed, yet fince part of trie 
common air is converted into fixed air, there muft be a diminu- 
tion of bulk, fince fixed air is fpecifically heavier than common 
air, and the bulks are inverfely as the fpecific gravities ; but the 
diminution of mafs muft wholly,' and that of bulk muft alfo 
for the greater part arife from the abforption of fixed air by 
water, or the fubftance from which the phlogifton proceeds. I 
have fucceffively added fix meafures of nitrous air to two of 
dephlogifticated air from precipitate per fe, and after each addi- 
tion transferred the mixture into frefh lime-water, and after 
each I found the lime precipitated until the whole was reduced 
to one-tenth nearly, fo that nine-tenths of this dephlogifticated 
air was evidently converted into fixed air ; and fince fixed air 
did not pre-exift in the dephlogifticated air, it was evidently 
produced by the union of the phlogiftoh of the nitrous air with 
the truly dephlogifticated part of the dephlogifticated air. 

Here we lee how fixed air is generated in moft other phlo- 
giftic procefles, performed in common air. The phlogifton is 
attracted by the dephlogifticated part of common air, unites td 
it, expels part of its fire, and fo forms fixed air ; yet a part of 
this pure air generally efcapes the action of phlogifton, bung 
protected from it by the quantity of phlogifticated air which is 
always found in common air, and which forms about two- 
thirds of it, in the fame manner as gold is protected by 

filver, 
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fHver, and filver by gold* from the a&ion of their refpedlive 
menftruums ; and this is the reafon why, in fome phlogiftic 
procefles, the diminution is greater than in others ; and why 
the diminution continues to increafe flowly for a long time. 

Nor is the fuppofition >v that common air confirms of two 
fluids, one pllogifticated' and the other dephlogifticated, gra- 
tuitous; it is pointed out by feveral experiments. If a mix- 
ture be. made of three parts phlogiftieated air and one of de- 
phlbgifMcatedi air, it will exactly perform the functions of 
Common air ; a candle will burn in it; an animal will live in it, 
juft as in ;common air *. Befides, common air ,may in fbme 
meafure be feparatedinto thefe constituent parts by lying over 
pure water; for dephlogifticated atf is* much more mifcible 
with water than common air* as Mr. font ana remarked, 
Ehil Tranf. 1 Jfy, p. 443* and 444 f, and scheeee on Fire, 
§ 94. Hence, if 1 common air be fufiered to ftand; fome, time 
Over pure water,., it will be drniiniihedi the purer part being in 
great meafure abforbed by the water, and the remainder, will be 
found to cohfift of fo large a proportion of phlogifticated air 
that a, candle will not burn in, it. 1 pr. 158; 4 m% 353., Mr*. 
scheele again expelled thatpart which the water had abforbed, 
and found it dephlogifticated. He alf© found;' that phlogifti- 
eated air is not at all abforbed by water, ibid. . 

Hence we fee,, why the whole of any quantity of common 
air can: never be converted into fixed air ; for no part of it will 
unite with phlogifton* but the dephlogifticated part (which 
never exceeds one-third of the whole); . This Mr. scheEee 
has decisively proved by expofing liver of fulphur to a mixture 

* Mem. Par. 1777, p. igi. 

f He informed me, that water takes up* one-fourteenth of its bulk of dephlo- 
gifticated air, and only one-twenty-eighth of common air. 

of 
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of phlogifticated and dephlogifticated air ; the mixture was 
diminifhed in the fame proportion as it contained dephlogifti- 
cated air, and no more, scheele, § 43. 

Phlogifticated air, therefore, is not the ttfuaj. product . of 
common phlogiftic procefles ; but the phlogifticated refiduum 
that is found after fu'ch procefles muft have pre-exifted, as that 
evidently does which is found after the mixture of nitrous and 
very pure dephlogifticated air, for almoft the whole, of this laft: 
is, turned (into air which is abforbed;by,rwa;ter,; and precipitate^, 
lime, _as\we have; already ' feen, fo ; that np part of: it n i§ con- 
verted into phlogifticated air, this being immifeible with water* 
Now common air is \ affected by nitrous air juft in the-farne 
manner, and differs only; in degree ; therefore the phlogifticated 
air,;, which is found after '.its ; phlogiftication in. the ufual pro- 
cefTeS, was not produced by thofe operations, but pre-exiftqd. 

Phlogifticated air confifts of fixed air fuper-faturated with 
phlogifton, as fulphur does of volatile vitriolic acid fuper- 
iaturated with phlogifton y, and as fulphur , is not generally 
formed when the vitriolic acid unites to phlogifton, but only 
volatile vitriolic acid, fo neither is phlogifticated air each time 
that pure air unites to phlogifton, but rather fixed air,. I fay 
fuper-faturated, becaufe it contains fuch a quantity of phlo- 
gifton as to be infoluble in water. Many experiments of Dr. 
priestley clearly point out this compofition. Thus that 
celebrated philofopher has found, that if phlogifticated air be 
agitated in water, out of which its air had been boiled, and 
whofe furface is expofed to the atmofphere, it will be in great 
meafure purified 0uft as fulphur is decomposed by trituration 
in water), and if then it be paffed through lime-water two or 
three times, it renders it turbid. 2 PR. 218. Here then the 
excefs of phlogifton, by reafon of its repulfion from water, is 

eaiily 
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eafily attra&ed by the dephlbgifticated part of the common 
atmofphere, which is immediately imbibed by the water out of 
which its air had been boiled ; the phlogifticated air is thereby 
decompofed and partly turned into fixed air, which makes the 
lime-water turbid. ? Part alio of the fixed air is decompofed as 
will prefently be feen, and hence the degree of purity which it 
acquires. Further, if the- electric fpark betaken in fixed air, 
three-fourths of it will be rendered ihfoluble in water, and the 
W^hole' will probably become : fo ; if' the operation be long 
■enough continued. I PR. 248. This infoluble refiduum Mr. 
•font an A found to be phlogifticated air; : and that, if this 
phlogifticated air be agitated in water (whofe furfaceis expofed 
to the atmofphere) it will become again common air. Rechenhes 
Pfyjsques,'jj. That is, it will acquire ; ia degree of purity 
nearly the fame as that of common air. This fully confirms 
all that has been hitherto faid concerning fhefe>airs ; ib alfo* if 
a mixture of filings of iron and fulphur> made into a pafte, 
be expofed to fixed air, and made to ferment,.; part of the? fixed 
air will be turned into phlogifticated air, 3 pr. 257. Juft as 
in, another equally curious experiment he found, that vitriolic 
air was converted into fulphur by the gradual exhalation of 
phlogifton from a folution of that air in water, and as it daily 
happens in the hot baths at Aix la Chapelle. And hence we 
fee, that fixed air,- even in its elaftic ftate, is capable of taking 
an excefs of phlogifton, when this laft is infenfibly feparated 
from any fubftance, and then becomes -phlogifticated air. Phlo- 
gifticated air may alio be formed by a rapid and -copious; afflu- 
ence of phlogifton, in certain circumftances, as we fhall foon 
fee. L mould not omit, that phlogifticated air, after it has 
been purified from phlogifton by agitation in water, is again 
diminiihable by phlogiftic procelles, and that fixed air is preci- 
j pitated 
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pitated from it as ufual. 2 pr. zrp. A circumftance which at 
that time was thought inexplicable, and which indeed is fb, 
on any other principles but thofe here laid down, of which it 
is an immediate confequence. 

Having thus far fynthetically proved the conftituent part;s 

of fixed air «to be -pure elementary air and phlogifton, I mail 

now endeavourto do the fame by its analyfis : and, in the fir$ 

place, that it contains phlogifton, and even in fuch quantity as 

to defer ve to be clafled among the phlogifticated acids, appears 

by its altion on black mangimefe. This femi-metallic calx, aa 

has been proved by that admirable chemift Mr. sCheele^ is 

completely foluble only in phlogifticated acids, and is precipi- 

•table from them by fixed alkalies in the form of a white calx. 

-He alfo found, that this manganefe is alfo fbjuble in water 

tftrongly impregnated with fixed air, and is alfo preqipitabie 

from it in the form of a white calx. 35 Mem. Stock, p. 96. 

If fixed air be repeatedly duTolved in, aftd expelled from wa- 
ter, it leaves each time arefiduum which is infoluble in watef, 
diminifhable by nitrous air, and capable of fupporting animal 
life. Hence k is evidently decompofed, the phlogifton fepa- 
rating from it, and gradually uniting to the common atmo- 
sphere by reafon of the, repulfive power betwixt it and water. 
Dr. Priestley indeed found, that a candle would not burn in 
it ; but this arifes only from a mixture of a fmall quantity of 
fixed air not yet decompofed, of which, according to the expe- 
riments of Mr. cavendish, otte-nkith is fufficient to extin- 
guifh a candle *» 

Again, Mr. acharb has converted fixed air into air of nearly 
the fame purity as common air by paffing it five or fix times 
through melted nitre. Mem. Berlin. 1778. Mr. cavallo 

* j pr. 34, 40. 2 Pft. i xq, tzo. 

6 pafted 
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paffed it but once through melted nitre, and yet found it con- 
siderably meliorated, for it was diminifhed by nitrous air. In 
this cafe the nitrous acid attracted the phlogifton ; for it is 
known to become phlogifticated by the fufion of nitre, fb as 
to be expellable even by the vegetable acids. 2 N. Act Upf. 
171. And aqua regia may be made by mixing nitre with ma- 
rine acid. 

I mall now briefly confider what may be faid in opposition £0 
this doctrine. 

In the firft place it may be difficult to conceive, that the 
addition of phlogifton fhould render any fubftance more foluble 
in water, as it is known to render moft acids lefs foluble in 
that liquid ; but a little attention will fhew, that phlogifton 
does not always render fpbftances lefs foluble in water than 
they were before % for the acjd of fugar is lefs foluble in water 
than fugar itfelf, though fugar confifts of that acid united to 
phlogifton. ' The dephlogifticated marine acid funites more 
difficultly with water than ,the fame acid does when phlogifti- 
cated, as the illuftrious Bergman has obferved*. Cauftie 
volatile alkali has been deeompofed by Mr., scheeee, and 
found to confift of an ajr infoluble in water, and phlqgifton; 
fo that it is rendered foluble in water only by union with phlo* 
gtfton. It would be foreign to the fubject to enter into the 
reafbn of thele .exceptions, but the facts are certain. 

Another objection may be drawn from a remarkable experi- 
ment to be found in the fifth volume of Dr. Priestley's ob- 
servations, where it is faid, that inflammable air and common 
air being fired by an electric fpark over lime-water, the dimi* 
nution took place all once, and the lime was not precipitated ; 
but as it is equally true, that fixed air is precipitated by other 
phlogiftic procefles, this experiment proves only, that in thefe 

* Anleitung, § 333. 

Vol. LXXII, G g particular 
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particular circumftances,, where a large quantity of phlogiffoti 
is fuddenly heated and transferred all at- once upon the dephlo- 
gifticated part of common air, phlogifticated air may be formed' 
as fulphur and volatile acid is formed, when a large quantity of 
hot phlogifton is united all at once to the vitriolic acid. 

Analogous to this is another experiment of Mr. cavallo's, 
where he found, that, by the explofion of gunpowder, a' large 
quantity of phlogiflacated air is produced* ; and alfo another 
of Dr. priestley's, wherein he found, that by firing a mix- 
ture of equal parts^ fulphur and nitre, only one-twelfth of the 
air produced was fixed air, the remainder being phl@giitieated= 
air. But I own the circumftances of the former experiment are 
not as yet well known to me, not having- been able to repeat it in 
iuch a manner, as to remove all doubt either of the efcape of 
the air through: the cement which fixes the wire that conduits 
the electric fire, during combuftion ;. ©r that the fmall quan- 
tity of inflammable- air ufed ? prevents the fixed from being fen- 
fible. It may alfo happen, that to the production of fixed air 
it is neceffary that the phlogifton be condenfed to a certain de- 
gree, as it is in coramorscafes ^ and-perhaps,- when exceedingly 
rarified, as it is in inflammable air from metals, it forms fomc 
other, as yet unknown, compound. Thus much is certain,, 
that all other inflammable air, fired with the electric fpark,. 
produces fixed air ; and all other inflammable air is fpecifically 
heavier than the metallic, and before inflammation evidently 
contains no fixed air. Mr. wari/tire, afterburning metallic 
inflammable air, found a white powdery fubjiance (probably a 
calx) which may have abforbed the fixed air. 

However, in the common procefs of eambuftion of animal 
and vegetable fubflances it is certain, that fixed air is feparated 

* cavawo on Air, p. 812, 

from 
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from common air, and that the whole diminution is owing to 
its produ&ion and abforbtion. Mr. lavoisier has fet thefe 
points in the cleareft. light. He introduced a lighted candle 
into a receiver ftanding on mercury : the air at firft expanded 
by reafon of the heat, and the candle was fhortly alter exttiv- 
guifhed; but when all was cold, there was fcarcely any dimi- 
nution. He then introduced, under the receiver, a cauftic 
fixed alkaline liquor : the air was immediately diminished, and 
the diminution reached nearly one-ninth of the whole. . He 
*hen introduced a fmall quantity of vitriolic acid ; the alkali 
immediately effervefced, gave out its fixed air, the mercury re- 
tlefcended, and the air in the receiver occupied the fame fpace as 
at firft; fo that this experiment is perfectly conclufive. He 
alfo lighted a candle in dephlogifticated air, and when it wag 
extinguiihed, introduced a cau-ftic fixed alkaline liquor, an4 
then, and only then, this air was diminimed two-thirds, by 
which it is evident, that two-thirds of it were converted into 
fixed air ; but the remaining third was fo far from being phlo- 
giftieated air, that a candle burned in it as well as ever, and 
after it went out half of this air was abforbed by a cauftic 
fixed alkali, and the remainder was ftill little worfe than com- 
cnon air. Mem. Par. 1777, p. 195, &c. 

Yet Mr. lavgisier thinks, that by the calcination of metals 
fixed air is not produced ; but that the metals ahforb the de- 
phlogifticated part of common air, and are thereby converted 
into a calx. And on this is founded his extraordinary opinion 
•of tHe non-exiftence of phlogifton ; whereas it is evident, that 
even mercury affords inflammable air, and confequently contains 
phlogifton, and that it lofes part of this during "Calcination, and 
confequently fixed air nraft be produced, as he himfelf acknow- 
ledges it to he during combuftion, by the union of inflam- 

Gg2 mable 
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mable air and the dephlogifticated part of common air, which 
after this union is abforbed by the calx. It is true, that the 
mercurial calx, and alfo the calces of lead, and many others, 
yield dephlogifticated air ; but then : the mercury is always 
revived, fo that it is evident, it retakes the phlogifton from the' 
fixed air, of which nothing- then remains but the dephlogifti-- 
cated part, which accordingly appears in the form of dephlo-* 
gifticated air. Dr. priestley never found the whole of the 
mercury revived, and accordingly he recovers a little fixed air 
from the mercurial calx. 2 pr. 217. But' Mr. lavoisier 
finds the whole of the mercury revived, and for that reafon 
finds no fixed but all dephlogifticated air; thus their different 
refults are clearly explained, and probably proceed from the 
different degrees of heat they employed, and' the different 
phlogiftication of their acids. The dephlogifticated air that is' 
extracted from minium proceeds aifofrom a partial revivificatioir 
of the lead, which always takes place * : nor is it wonderful^ 
that this calx mould dephlogiftieate fixed air, fince it dephlo^ 
gifticates the marine acid alfo, as Mr. scheele has obferved f . 

To this it will probably he objected, that dephlogifticated 
air muft pre-exift ill- the minium, fince it is expelled-by the ma- 
rine acid ; but this does not follow ; for if manganefe be dif- 
iblvedin the common marine acid which is phlogiiticated, and 
afterwards expelled from it by the vitriolic, ir will alfo be 
found dephlogifticated. 

I mall now proceed to investigate the proportion of phlo- 
gifton and elementary or refpirable air in fixed air. 

Dr. prxesteey, in the fourth volume of his Obfervations,, 
p. 380. has fatisfa&orily proved, that nitrous air parts with as 

* eeaume, 7. i Pott. Lithog. 29. 3 Dift. Chy, 205, 
f K011. Vet. Acad. Handling, vol. XXXV. p. 193. 

much 
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much phlogifton to common air as an equal bulk of inflamma- 
ble air does when fired in the fame proportion of common air. 
Now, when inflammable air unites with common air, its 
whole weight unites to it, as it contains nothing elfe but pure 
phlogifton ; fince, therefore,- nitrous air phlogiftioatfes common 
air to the fame degree that inflammable air does, it parts with 
a quantity of phlogifton equal to the weight of a volume of 
inflammable air fimilar to that of nitrous air. Now 100 cubic 
irichesof inflammable air weigh 3,$ gr. ; therefore, r 00' cubic 
inches of nitrous air part with 3,5 gr. of phlogifton when they 
communicate their phlogifton to as much common air as will'' 
take it up. I fay, that nitrous air parts with as much phlogifton, 
becaufe it is certain, that it does not part with the whole of its 
phlogifton to common or dephlogifticated air;, for if contains 
much more, as already fhewn, and, as appears by the red co- 
lour,, it conftantly affumes when mixed with common or de- 
phlogifticated air, which colour belongs to • the nitrous acid 
combined with its remaining phlogifton, and not to the fixed 
air then, produced, nor to the phlogifticated air remaining, as 
is very evident. Hence the acid,, thus formed, is volatile. 
4 PR. 267; 

One meafure of the pureft dephlogifticated air anditWo of 
nitrous air occupy but --l^th parts of one meafnre, as- Dr. 
Priestley has obferved, vol. IV. p. 245. .. Suppofe one mea- 
fure to contain. 1 00 cubic inches, then the whole very nearlyof 
the nitrous air will difappear, its acid uniting to the water over 
which the experiment is made, and 97 cubic inches of the de- 
phlogifticated air, which is con verted into fixed air by its union 
with the phlogifton of the nitrous air; therefore 97 cubic 
inches of dephlogifticated air take up all the phlogifton which 
200- cubic Inches of nitrous' air will part with; and this we 

have 
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have found to be feven grains:; .therefore, a weight of fixed air 
equal to that of 97 cubic inches of dephlogifticated air and 7 of 
phlogifton, will contain 7 gr. of phlogifton. Now, 97 cubic 
inches of dephlogiftieated air weigh 40,74 gr.:; to which* 
adding 7 gr. we have the whole weight of the fixed air equal 
47,74 gr. = 83,755 cubic inches; and confequeutly roo cubic 
inches of fixed air contain -8,357 gn. of phlogijlon, and the 
remainder elementary air. 

100 gr. of fixed air contain a 4, 615 1 of pBlogifton and 85,33^ 
ef elementary air-, which, when ftripped ©f jphlogifton, and 
impregnated with its proper proportion of -elementary fire, be- 
-comes again dephlogiftieated air. 'Hence alfo, ioo cubic 
■inches of dephlogiftieated air are converted into fixed air by 
•7,2165 gr. of phlogifton, and will be dien reduced to the 
bulk of 86,34 cubic inches. 

And reciprocally, 1,00 cubic inches of fixed air, being de- 
compofed, will afford 115,821 cubic inches of dephlogiftieated 
air, and part with 7,2165 gr. of 'phlogiilon, fuppofing the 
decompofition to be,complete r ; that is, the dephlogiftieated air 
abfoutely pure. 



•Having read the foregoing account of fhe nature of fixed 
air to Dr. priestley, I had the fatisfa&ion to find it met with 
his entire approbation, which he authorized me to mention, 
notwithstanding what he had advanced to the contrary in Ms 
laft publication. 



OF 
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OF THE QUANTITY OF PHLOGISTON IN 
VITRIOLIC AIR. 

The method I purfued 5 was this : 

rft, I found the quantity of nitrous air a given weight of 
copper afforded when diflblved in the dephlogifticated nitrous 
atid, and* by that means how much phlogifton it parts with. 

2dly, I found' the quantity of" copper which a given quantity 
©f the dephlogifticated vitriolic acid could diflblve ; and ob- 
served, ghat it could: not diflblve the greateft quantity of cop- 
per without dephlogifticating a further quantity wHich it does 
not diflblve. 

3dly , I found how much it dephlogifticates what it thoroughly' 
diflblves, and how much it dephlogifticates what it barely 
calcines. 

4thly, How much inflammable air a given quantity of cop- 
per affords when diflblved in the vitriolic acid to the greateft: 
advantage. 

5thly, I deduct from the whole quantity of phlogifton ex- 
pelled: by the vitriolic acid' the quantity of it contained in the 
inflammable air ;;. the remainder ftiews the quantity of it con- 
tained in the vitriolic air. 

The particulars were as follows : 

I ft,, roo gr. of copper diflblved in the dephlogifticated ni- 
trous- acid afforded me 67,5 cubic inches of nitrous air, which, 
according to> the before mentioned calculation, contain 4,52 gr,. 
of phlogifton. 

2dly, roogr. of real vitriolic acid take up or diflblve 54,73- 
of copper,., and 100 gr. of copper require about 182,714 gr. 

of 
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of real vitriolic acid to diffolve them. Again, ioo gr. of cop- 
per, when diffolved in the vitriolic acid, retain only as much 
phlogifton as is contained in three cubic inches of nitrous air, 
that is, 0,2 of a grain ; -therefore, fince 100 gr. of copper 
give out 4,5 2 of phlogifton, the vitriolic acid ftrips it of 4,52 
- o,2, that is, 4,32 gr. of phlogifton. 

3dly, To diffolve 70 gr. of copper in the vitriolic acid, to 
the greateft advantage, 20 more muft be ilightly dephlogifti- 
cated ; therefore, to diflblve 100 gr. of copper in this acid, 
28,6 more muft be flightly dephlogifticated. 8 grs. of this 
flightly dephlogifticated calx afforded 4 cubic inches of nitrous 
air; therefore, 28,6 would afford 14,5, which contain 0,958 
gr. of phlogifton ; but 28,6 gr. of copper, before any dephlo- 
giftication, contain 1,292 gr. of phlogifton ; therefore, they 
lofe by this flight dephlogiftication 0,344 of a grain of phlo- 
gifton. Hence', when 100 gr. of copper are diflblved in the 
vitriolic acid, the quantity of phlogifton expelled is 4,324- 
0,34 = 4,66 gr. 

4thly, The quantity of inflammable air afforded by the moil 
advantageous folution of 1 00 gr. of copper in the vitriolic acid 
is 11 cubic inches, which amount to 0,385 of a grain of phlo- 
gifton 

5tmy, The folution of 1 00 gr. of copper in the vitriolic acid 
afforded over mercury "]S>7 1 cubic inches of air; but of this 
only 1 1 cubic inches were inflammable air, the remainder 
therefore was vitriolic acid air, amounting to 64,71 cubic 
inches. 

6thly, Then the whole quantity of phlogifton expelled during 

the folution of 100 gr. of copper in the vitriolic acid is 4,66 

gr. ; of this inflammable air contains but 0,385 of a grain : the 

remainder therefore, which coniifts of 4,275 gr. muft be conr 

5 fcained 
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tained in the 64,71 cubic inches of vitriolic air: therefore, 100 
cubic inches of vitriolic air contain 6,6 gr. of phlogifton, and 
71,2 gr. of acid, and 100 cubic inches of this air weighing 
77,8 gr. 100 gr. of this air contain 8,48 gr. of phlogifton and 
91,52 of acid. 



OF THE QUANTITY OF PHLOGISTON 

IN SULPHUR. 

This I endeavoured to find by eftimating the quantity of 
fixed air produced during its combuftion. 

To the top of a glafs bell, which was open, I firmly tied 
and cemented a large bladder, deftined to receive the air ex- 
panded by combustion, a quantity of which generally efcapes 
when this precaution is not ufed. Under this bell, which con- 
tained about 3000 cubic inches of air, I placed a candle of ful- 
phur, weighing 347 gr. ; its wick (which was not confumed) 
weighed half a grain : it was Supported by a very thin concave 
plate of tin, to prevent the Sulphur from flowing over during 
the combuftion, and both were fupported by an iron wire, 
fixed on a Shelf in a tub of water. As foon as the Sulphur was 
fired with a very feeble flame, it was covered with the bell, the 
air being fqueezed out of the bladder. The inlide of the bell 
was foon filled with white fumes, fo that the flame could not 
be feen. In an hour after, the fumes thoroughly Subfided, and 
all was cold. The water rofe within the bell to a height equal 
to 87,2 cubic inches; whence I deduce that 87,2 cubic inches 
of fixed air were produced, which contain 7,287 gr. of phlo- 
gifton, which feparated from the vitriolic acid, and united to 
the dephlogifticated part of the common air "under the bell. 

Vol. LXXIJ. H h The 
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The candle of fulphur being weighed, was found to have toft 
20,75 gr. ; therefore, 20,75 gr. of fulphur contain 7,287 gr. 
of phlogifton, befides the quantity of phlogifton which re- 
mained in the vitriolic air. This air muff have amounted to 
20,75 — 7,287= 13,463 gr> which contain. 1,141 gr. of phlo- 
gifton; therefore, the whole quantity of phlogifton in 20,75 
gr. of fulphur is 8,428 gn; therefore, 100 gr. of fulphur con- 
tain 40,61 gr. of phlogifton and 59,39 of vitriolic acid.. 

Several attempts have hitherto been made to determine the 
proportion of the conftituent parts of fulphur ; but all were 
qvidenfly defective. The fii-ft was that of stahl, who calcu- 
lated the quantity of phlogifton from that of the acid remain- 
ing after flow combuftion ; but as much, both of acid and 
phlogifton, was diflipated, and as the remaining acid was alfo 
phlogifticated, and attracted much of the moifture of the air,„ 
no conclufion whatever could be drawn, from this experiment; 
The fecond method was, to form a liver of fulphur, and con- 
vert this by a gentle long continued heat into a tartar vitriolate, 
and then calculate the weight a given quantity of alkali would 
gain by this operation.. This was alfo devifed by stahl, and 
followed by brandt and newmak, and by it they determined, 
the proportion of phiogiflon to that of acid to be nearly as 1 
to 16. But during the formation of the liver of fulphur,. 
whether in the moift or dry way, much of the phlogifton and 1 
acid is diflipated,. as is evident by the vapour and fmell that 
proceed from it, their alkali alfo contained fixed air, which it 
loft during the operation, and of which they kept no account, 
a ; s they were ignorant of' its exiftenc.e ; and the tartar vitriol 
formed by them or fal polycrefte retained much undeeornpofed 
fulphur, as always happens when it is not ftrongly heated ; fo 
that this method alfo was very imperfect^., however fome fub- 
1 fequent. 
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fequent chemifts who made the experiment with more care 
-concluded from it, that fulphur contained one- fevefith of phlo- 

giftoil. EXLEBEN, § 760. 

By weighing flowers of fulphur in a perforated brafs box in 
water, I found its fpecific gravity to be 1,024. It remained in. 
the water a quarter of an hour before any air iffued from it, 
and then fome bubbles arofe ; but when I opened the box, I 
found the middle part of the flowers quite dry, Co that I 
make no doubt but lbme air ftill remained, and that its fpecific 
gravity is frill greater. Mr. petit weighed it in oil, and. 
found its fpecific gravity 2,344, which • i '"'believe to be nearly 
the truth. 



OF THE QUANTITY QF PHLOGISTON IN 
MARINE ACID AIR. 

8 gr. of copper diflblved in colourlefs fpirit of fait afforded 
"but 4,9 cubic inches of air, when the air was received over 
water, and this air was inflammable. 

8,5 gr. of copper being diflblved in the fame quantity of the 
fame fpirit of fait, and the air received over mercury, afforded 
91,28 cubic inches of air ; but of thefe only 4,9 cubic inches 
were inflammable air; the remainder, therefore-, viz. 86,38 
were marine air, which weigh 56,49 gr. 

Now, as fpirit of fait certainly does not dephlogiftioate cop- 
per more than the vitriolic acid does, it follows, that thefe 
4,9 cubic inches of inflammable air, and 8 6,3 8 cubic inches 
of marine air, do not contain more phlogifton than would be 
Separated from the fame quantity of copper by the vitriolic 
•acid : and fince 100 grains of copper would yield to the vitriolic 

H h 2 acid 
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acid 4,32 gr. of phlogifton, 8,5 gr. of copper would yield 
0,367 of a grain of phlogifton ; this then is the whole quan- 
tity extracted by the marine acid, and contained in 91,28 cubic 
inches of air, and deducting from this the quantity of phlo- 
gifton contained in 4,9 cubic inches of inflammable air 
( = 0,171 of a grain), the remainder, viz. 0,367-0,171 = 
0,196 is all the phlogifton that can be found in 86,38 cubic 
inches of marine air. Then ico cubic inches of marine air can 
contain but 0,227 nearly of a grain of phlogifton 65,173 of acid. 

Hence we fee why it acls fo feebly on oils, fpirit of wine,. &c. 
having a very fmall affinity to phlogifton ; and why it is not. 
diflodged from any bafis by uniting with phlogifton, as the vitri- 
olic and nitrous acids are, its affinity to it being inconnderable* 




[ xxxv ] 



AMENDMENT to P. 191. L. 12. 

I have lately repeated this experiment, and found that one mea- 
fure of alkaline air is faturated by lefs than half of one meafure 
of fixed air, but more than one-third, conformably to Dr. 
Priestley's firft experiment, p, 293. ; by which it appears, 
that 1 00 gr. of alkaline air require about i?2o of fixed air to 
faturate them: and hence 100 gr. of concrete volatile alkali 
contain about 53 of fixed air, 44 of mere volatile alkali, and 
3 of water. 
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